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PREI’ACE. 


ffru! mimltor of •works which treat of microhoa i« 
tlrctuly consulerahlo, but they have all been 'writtoa 
hr a Mpeoiat publto of phyutcians or naturalists^ and 
aipiy tliat iliu readur is familiar with the ideas 
{ready CHtablishod on patholo^^y or on oryptogamic 
ofcaiiy. 

; Although tho nclwnco of microbes is of recent 
rigin. it hm nmfb iintuonse progroHs in the oourse of 
few years. It Is, moroover, i^ntially a FrenoH 
donee, since ' it is owing to iPastourV admimUe 
ibium, as well as to his solid genius, aided by the 
ith aiid onntgy of his dlsoipltw, that this soleneh 
w taiou able to oyevcome the t>>‘<bhdleos of agesi, and 
fsmotrato iiith the very heart of theMrwdant thet»7 
uuidlolho, so ae to (mnafbrm am} regenerato li 
iSrory one inow speaks of rnlcrobos, yet few of thoee 
to iuaicb' use Of the iortn haVe any clear ^onoopidoh 
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TION. 

KTtU I'Br.riKI A. 

thft ifMt t fuui*i^* Hviill' irho li 

jirrjiiitM II," i»# HI ?ia 

HlJv M »0 I’hry lifri fur till- IliuM |*iM'lr 

uHoii in tjif nml »*vun i»v Um^ iii^l ui‘ a 

* ► 

' hi.p!,? In M'l’T f't «t« i«),’a id ihrlr 

1 niiif Mtr'tf-hiir, w,* tlii‘ imij'nl- 

li* i>nd' iniHlcm i»i4i'H<fit*nt», w Jiii‘h ••iilnr^,' tla* 

IIJfMf*, liH'l l.'^iOO 

Tfw wiwiJ !> f'nfft: law Ih'I'Ii n‘t*i,uHy intnulmwl 
iiitM Uii* Kiv'Hi’h liuijtiwij;** ; ii <U«1 imt I'skit ytati'ji 

»{?*. »»i'l f*»r tJ»i» it will b,* wiujjlit for iti l'»iti 

ill fnnHt 4iBti4>tduii)M. U. iimii’r ll»« fplioMriiiji; «ir» 

MtiiHtanctt'i tScil Uii« ti»<w lit wifli 0^*, 

Wat ini'BBliiJ hy an MHliwsut wh«w’< 

ttvt'Ut tlmllt h dvjtlitrvil l»y Kwiro. 

HMuralbtN wtto Iittve tbi* 

t( 
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minute living tilings liave at all timc.s been at a los-s 
to decide wlietber they have had to do with aniinalH 
or plants. There can be no such doubt when we com- 
pare a tree of which the roots are fastened in the soil 
with a quadruped which moves freely on its surface. 
But these are highly duvolopcil foniis, the one in the 
vegetable, the other in the animal kingilom. The 
lower representatives of the two kingdoms are, on 
the other hand, often so much alike as to baffle the 
most oxiiorieiiced naturalist 'J'Ik! animals which are 
as, signed to the order of Zoophyta, or animui-jdants, 
have, a.s the name indicates, a form which led them to 
he for a long while regarde<l as jilants ; many of Liiem 
are fastened to the bottom of the se-a (tr to rocks as if 
by actual roots, and, when superficially examined, their 
movements do not differ much from those which may 
bo produced in true plants, as, for instance, in the 
mimosa. 

Many of tho lower plants, belonging to the groups 
of Algjo and Fungi, live in tho water without bring 
fixed by roots; many are animated by more or less 
apparent motion, at any rate during part of their 
existence, so that it is often Hoiimwhat <lifficult to dis- 
tinguish them under tho miewmeopo fn>m those beings 
which are generally called Infusoria, and whtc.h are 
tmo animals. 

Hence it fc»llowfl that the boundary between tho 
animal and vegetable kingdoms ruinmim indefinite, 
and that many of those mieroscopio organietna which 
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we have now to consider, may be assigned indifferently 
to one or the other kingdom. 

Dory de Saint- Vincent, a naturalist belonging to 
tlie eaidy part of the century, and after him HEeckol, 
have attempted to evade this difficulty by creating 
l>et\veen the animal and vegetable kingdoms an inter- 
mediate kingdom, wbich they have named Protista, 
indicating ther()by that it includes the firab animals 
which in the geological ages appeared on the earth’s 
surface. This kingdom of Protista includes the fol- 
Itjwing groups, stai’ting from the simplest and going 
on to those which arc more complex; — 

*1. Mfinom 0»r MiorohoH, wtriclly eo cuUud; SeUiaoiiiycetOfl, Btio- 
Ujriu., ViI>ni»iioH, r'ta). 

2. Aiu()rp)umy lUiiz(»|KJ(ia< (or Amijobiu). 

3. (lintpiniililio. 

4. Elugollaiu. 

f). OattdlacUi. 

0*. Infu»nria. 

7, Aomcrtco. 

5. Labyi'lntliiilw. 

0 . Diutomaci^ai. 

^10. Myxmuycakia. 

Puiiffl 

12. Tbaliunophrira Rlu’zoporla with a eoloareotie 

skobton). 

IB. Radiolarta (ur XUiizopoda with a sUicious skelcttm). , 

The groups marked with an asterisk are those 
which we propose to study in this work. For the 
most part, the organisms assigned to them resemble 
plants in their general characters. They are parasites 
which derive their nutriment from other litjng beings. 
For this reason, many of th^ orgsnisins are the 



4 


MIOBOBEB, FEUMKNTH, AND HOUI.UH. 


eauHG of the more or less seriouB whirh air** 

animalH or plants, Naiumlists who r<*;,r{inl par 
sitoB as aniinnlH luivt^ tt^rinod thain (IVh 

two Greek words si^oiifyiiij^ Hinall aninial^;, Tlif> 
who vr^oml tlnsn as plants have eallrd them Mh t*' 
'phufii (small plants), and it Is still di.^pn*ed wh5< 
term is the mr)st npjtHeahK^ ti> ihenn In other word 
it is still imdeeidiifl whether they shmild he classed i 
the animal or ve^^etahlo kin;'il()m. 

It was at the I^uis Aca^lemy (tF the Sei(*neeM, i 
the IHhfd’ March, 1878, that Hedillot part in or 
of the prohahly interminahie diM*u.s4iiin4 hetwei^n th, 
advoc'atts of th(? Micro/^oaria and tho,*ie i»f the Mien 
[diyta, find In* Hiie'^fsstttd, with the eritieal sfm-.e [< 
which he was dlst.in^^nisluwl, the word miero)*i^ 1 
whi(^h it appeared to him that every ima ctouhl 
their «KH<*nt. 

In fa<'t, th(^ w^ord mimdas whh*h oidy sipnilh's 
small livin;^ hein;^, deeides nothin;,; to the anine 
or veoetalde nature (d‘flut Iwdnos in ipn-stion,* It h; 
heeti adopted hy Padiiir, and approved hy LilJr 
whose comjM*tence t<Mleelde on neolopienr-* i ^ penerall 
admitttul ; it has Iwi'ti in cmnnmn it in France li 
thii last four or live years, nml may tiou he re;^anle 
as deHnitivfdy inlopti^l itito the French hnipnnjie, 

Tliis word has not yet been fully iiitrodnced iiit 

♦ lJ|f**hnrnr tetr«M or (* -iiarf II 

xf tH>mm \dnrU tmiit fieiii tin ir vaul urUiiij? wie 
fiMiacaUtk^ia* 



Mw;i{onj;« ANi> I'liorisTA. 




Hit' KiiuIhIi anti Ctcnnan lanj'nnj^cH. In order to iii- 
til'* iii';'jiniHiiis wliich produce di.si‘.‘i,se,s, they 
make ii^e f>f tlie word Jitnirrlii, which i.H only the 
mime of om* of Lite peculiar spf'cieH a.s.sif{ned to this 
yroup, ami the out! with which wo iiave been longeat 
aittpiaiuteil. In thia enwe, the namo ia generalized and 
»ipplti.‘d to an entirii group. 

The Itiiliiui authors wlio have boon recently occu- 
pied with the Htmly of iaierobe.s have on their pait 
nilojittid the namo J* rot inf a, proposed hy Ilmckel, and 
of which thu sense, althcnigh not Uio otyniology, is 
almost the same as that of the word microlic. 

in reply to the (|nestli»n whether tl»!r« is any real 
advantage in esttiblishing nn inlermetliate kingdom 
of I’roti.sta between the two organic kingiloms of 
animals ntel jtlfUths, we must answer in the negative. 
This third ttrgaiile kingdom only .st'rves to rendi.T 
this strnetnre of our modern elassillcatiou more com- 
plex, ; ami it inehnlus, as may Iss wsen from the list 
given alsive, a collection of very hcU.'rtsgoneous groups, 
which It would ho motxi simple to leave in one or the 
other kingdom. We should, in our opinion, approxi- 
mate wore closely to Nature's phut hy tmly admittiiig 
two great kiiigihsms: the organic, kingdom, which 
includes plants and animals; and the Inorgtmlc.klhg'*' 
dom of mlrtemlo, The organic kingdom shoaid then 
ts) dividei) into tw(» subrkingilotua, ahitnohi and 
plants, of which mjcmU'a or protista, or Whatever 
else they may lx» caUtsi, altvulfl fotin the connecting 
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link, and testify to the common origin of the two 
great organic kingdfjnis. 

However this may he, we shall make nse of ihi* 
word ‘'microTbo” as the gcmoral designation of nil 
the minute organized heinga wdiieh arc foiuid <m th*^ 
horderland between animals and j^lants. \Vv, .shall 
presently show that in the maj(M'iiy of eases 
beings may be regarded as tnuj jdants, and this is at 
])rosent generally adiniU<Ml by most nainralists. 

r<(rt> pltnjcd hji MicrohcH hi part 

]ilaycd by mierol)es in nature is an inip<a*fant t»ne, 
Wc lind them overywlH*ro ; evtny sp(S*loM of plant has 
its special parasites, ami this U als(» the east} with our 
cultivated plants — with the vims for example, which is 
attacked by more than a hundn^l diHer<‘nt kinds. 
These microscopic fungi have their use in tlie general 
economy of nature; they are rnmnslied at tlie expense 
of organic sulmtanc(5S wIm'Ii in a state of pntreftm* 
tion, and reduce their complex nerds into tho f* 

which are simph‘r — into the Sfiluhle minmal snhutaners 
which return to tins soil fnan which tln^ plants are 
derived, and thus serve afresh for tln^ nourishment of 
similar plants. In this way they ch*ar the nurfaee of 
tlie earth from dead bodies ami fa»eal matler: from nil 
the dead ami us(d(*MH substamH^s which the rtluse 
of life, atnl tlius tln^y unite animals and plants tii an 
cmlhws chain, All our fermeiiU»d liquors, wine* beer, 
vinegar, (»tc., are artificially product'd by thi* speei»s 
of micndies calhsl ferm^*-;,^; they nUo cause brend 
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to riso, and froia Ujh rtf virw thoy an- pm** 

tiUiltlo in iiuliistry aial ('MninM*r(*o. 

Hut In ad^lition fo iisuJ'hI .<'h, 

otliors wliioli am injurif/Us to whil*' tla-y fuliil 
tho, j»liy^iolooi(*nl ilr.^tiny laarkoil fiui for ly 

Tiainro. Suah sun tho niiamhr'% wliirli pro<l*ia*‘ rli-r- 
lahcs ill wJra*; fjiijhf. of tin' in aijnnrnary atni 

influ^lrial ,snlt>lnnnos ; /ual, linally* n iar,/*' nnini»; r of 
llitj rlinnasi’H wliirh nn-n aufj ilonir-fir atilioaV s\v*‘ 
sultjf^cjfc- Thn f^rM‘inM of tint'*** whinh an* only 

tho HjinroH r»r .si‘4'»l>4 of tlioso Hout in i)ir a\r 

vv*o hrmiltn and in Un* wjitnr wa flriak, nini 
into tha- interior of lair hoflnj-f. 

HVncft wn won tho iinjiorlanciiorin^roininjLf arqn'*into») 
with tlaw laiomhoH. Tlinir wftaly r*(4nr^‘rjn» iho a;o> 
oulturiwl, tin* tii;uinf«i‘tnmi\ tho phy aoinn, tin* ]no- 
foMwor <tf hy;j;h*nn, anrl, inthn'd^ wo may t)#at if. 

alh whati vnr mir prolhawlmi or ntnaal po itiort 
may tns mnra Un-m U not a win;i^lo ilny^ nor n ainjeh* 
inwtartt, of mir livi*w in wlihrlt wo oannot ho ntid 
to como ill oontfiat with inioiohi.a 7’}ioy aro, in 
faot» tho invinililo a^^oniw of Hfo and drallo nnd fln^^ 
will itp|ioar moi'o plainly from tho r;|*orial atndy 
am uhoitt iiniko of tho imw. iinja^rtiint anion^ 
tiiom* 



itm viHiUlo to tho naki^l oyir, wrj aliall f}i>^t a|n^ifc of 
fnnf|i - that H of tlio laroor with whoMi 

Imbita and orj^aiiiisatioii wa am altsfo mimUtfml 
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We will then go on to tlio study of tlio more ininuti* 
ferments; and finally to that of bacteria {Hvhlzoiflnjtn 
or SMzomycetes)^ which arc, strictly Hp(*aking, imi 
crobes, and which only become visible with the aid ol 
the microscope. 



( y ) 


CIIAP’l-KR L 

paiiahitk: Ft^.vvsi ANI* Moft.w, 

I. GkNKIIAT. HkMAIIKM «tx Fl.'N'ntl, 

Kvkry onu ia nm]UHittt<‘i| wtlli tli<i itrul 
tiiiiHlirdoiiis, two vnrii'tifH tif ono arul ihi- 
wil*l or (•.iiU.ivnti'il, and ol'ti'n al. I». Ion, 

^'(•iKirally known tliat (In.* Inilit* is also a J'linoiii'f ; 
and fchnl U;c lar/'a fla.u of fiin;'i iiuditd'':) moiildri and 
many parasitic wliinli am inmo or Imits iiditrosi'ojiif. 
which live at tlm of wild and rnilivatiii) 

ptantii,and attack imimala arid also the hiitnaii Hiihjr’ct. 

Fwngi arc among the lower iilatiis, amt ililli'r fitiin 
higlmr onicrH in Umii* mode of life. It in well known 
that the large majrwtty of (dnnia an* not toinrislmdonly 
by ftliaorhlng the initmnd «nlt*< whirli, in a irlttte of 
solution, their nads dcriv**) from the swiil, lait aKr. .iin«l 
chltdly, by d«coin|»ofiii»g tb« rairlamitj acid <»f tlio ail-, 
ttswiniiltttlng tho carlam which, m adlwlfliaw, (WiitotM 
into tho oomittwition of all their tirwuaii, and giving 
forth pure oxygen to ttur air, 
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This function ia not, aa it was formerly (Tron(*onsly 
supposed, a respiration in the inverse form from tliat 
of animals. All plants without exception lireiithe 
like animals l)y aUsorbing oxyjraiu llui assimilation 
of carbon is a true nuiritiou, ami as (lee(nn]w>sition 
of the carbonic acid gas which rissnlis fi'mit this asni- 
inilation sots frtie a inncli Jarg«‘r quantity cd oxygen 
than the plant reipiires for its(4f, it uas for a long 
wliilti Ix^lieved that plants really Iireatlied tin* car- 
bonic acid gas of ilui air, in Uic inva-rse rji«qliMd to 
that of animals. 



fiir. 1 — !« (llfTf-rfrit iit ; a. 'i, w i#r? < *> .fir “.f . / 

tlit> ttirumtldri of tiu* lii’iul. 'Hit’ tj>rli i’*t tii»< uji^i t leo«t i in i<A‘f 

imrt of Uii' ligiirf. 

T\w asHimilation of enrli«in is eflheb*d by iUv h*a\( ; 
and gn*on parts of plaids; (he, gn^fu, granular sub^^ 
sUinco tc‘nned cldorophyll, whitth nohdy gives (le m 
this vjAonr.tLH maybe shown by the mino*copf\ ami 
‘which alone Hubm^r\oH this fmietaai if nnirithm, 
Fungi, lu^wc^vor, liavo no leavf*s nor <»tlier green parb : 
that is, they have no chlorophyl 'J*bey derive tJat 
cellulOHO which they ctmtain, as well m all the sub 
(itenecs by whicli they ur*^ mairidieil, tiihei* ftffni 
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plants, nr Tmin nnininls nn«i fnitn flit* 
su^Htanc(^s wliit'lt an^ dfannipn-^in^tj: in tin* 
as (luiiiT 2 *n<l d<'a<l ltn*lirv^. Sn lhaf if nn>v 1*»‘ N*H<i 
of funyi» tliat tla'V siil.,Mr,t lik<* nniinal* Ity ^h'Vnittin^ 
plants nr ntli<*r aniiual ; iimI likn l/jr,:h» r pi;'Jl1^ wlnrh 
tlrrivn tltrir nntriiin n(. fnnn tli** .'.nil nr tlo* air, «n4 
owa nothin;^ i<» livin;.; 1-i'hi;'.*^. 

It JH fnr this nasMU that huini» natfira)h*fs l»avt' 
n'jjfftnhsl as nniiiial.^. nn«l havn tla-nji in 

iha animal kin‘^^«in!ii. Wn liav»,i srnii tlmt llnnrknl 
u*i<l fcim iiaturalist-H nf‘ his sahnnl hnvn aiKinnt*t'l ila n* 
t(; Urn khtgtioiu nl' Hut si'ttin*^ inii»hi ila ir 

tnotlc of nutrUinii, which Is likcwi)** fnuiifl lu plants nf 
a higher or^nni;«alinn, siiirh as thr f/rohrrf an4 

suinn of ilia 0/v/o%/fO*f ^ lunpi rt*ally n%hi)*ii all floi 
<‘ham(‘tts's nf plant i, ami in aiich w* >ha!l h» in cifOi 
sidar ahlamv.h they nvu ni* a prrn!ir*r 

and Vi'iy low typn. 

Tlia <‘JaHs of run'(5 may lii» dnfirii'd hy mu in;/ that 
they uns plnnls d«^w»itlnf st**in^>, hsivis, and UMits; that 
thny consist »nily of colls in jtixtapiMitinii, devoid of 
clilorophyl ‘"fhey lUA cr a true ll»»wrr, aiid tm* 
simply rnprislucisl hy inciina of very ndiMifci 
^omtniilly lVnim«l of a ctdl, which h called a 

Hporo, atul winch rcjiicsciilH tin? scisl 

111 fungi of the htgtH*)^t ty|H%mndi ns that ctiaifoonty 
known as this cdihle iiuHlmioniy tim pari which we 
cat and <»hH tlm umhndla reprcscid^ the (lower or 
flurwl |asdumdo of other ptan^ and in in reality only 
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the support or covering of the spores, which arc fixed 
on the radiating laiuelho that may Ixi H(M‘n on in- 
verting the umbrella (Figs, 2 and JJ), This nmbrt‘Ila 
or floral peduncle is the only part of the plant wlueh 
appears above the soil, or the urganic substances <ui 
which the fungus grows. 

But the really essential part ot the plant is that 



riff, a -Swtion oftiin'of tliolnrm'Urf' I'lK It »if i/jr-* 

ol th«* uiribu'ltn of v: infit'oihMl, moI i>' tm He ir 

a, bt Npori'M iif tlir* hymtniatu^ mv tnH’t'd j, 

(hllghUy magiittii'd). 

which ilooH not apixsu' on tins Miirfupo; nniin ly, tho 
white filamontH or lii/jthu' which cri'i'i) ahm^ tho hi/iI, 
the manure, or whatovrrHMjHilirH tho iiutrhivo iiinttfr, 
and which ri*i)ros«'nt at oner the roi>l , tho stom, and Uit» 
hranch(!s of the jilaut ; this |taii in ti-rnird the m */«»■/;«,». 
Wo whall proaontly H«e that many of tla* towrr fniiffi 
are without the organ we have cai led the nmhrt'ila, and 
which botaniHtM tenu th(i hyineniiiiii or organ of ropro* 
dacdon, and conNiKjninitly ronniht only of inyrdimn. 
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Tn tills caH(*, ilii' sjion-s or simmIs nre fU’Vrlup***i In iL-* 
ci'ILh of tln‘ inyr»*li!im itsolf 

This latter iieMlj* of reproilnetiMn also oeeur ii* tli * 
Inglier wliieh then fon' |<o.xh>‘M tuo ;+ ol 

reproihetioii an»l two kiijfls ul‘ 

spfu'ijs, whieli arf‘ extorniillv fI‘*vrsojr,Ml, r t»o 

the lijiiieninin :ij; mol oo»lo:,, -jor,m or iot 'iiUil 

sjionvH, wliieh an* ^Irvelope*! in 
tlitj niyc(!litun (Fio. 4), T1 m*.s(j 
H poiuH n(»t only diller in Uio 
situ of tlioir ori/^iii, but also in 
their fonn, Hm% druHuh*, anil 
in tho oml they fnllil in tie* 
n*pro<lu(ftion of the fM!»;j:us, 

Then* are in niaiiy <viw<*s .sevioal 
forms of teu»;r»»nons .spores. 

f7rM.s///Vo//Vo# o/ Foe;//. 

71m nature of tho hporrs, mni 
ihi* v<n;v vnnerl mode f»f roproilnetiom have hfi to 
tluj elai*jiji *ationi of fHn;/i in a eeri dn ntunber af 
jjfnaips^ of whieli we in*e-| otdy rite the iiohI, iio 
prmtant, and those wlihdi ehielly eone^n*n our pns^eni 
pcfutt of view, Huelt are-— 

I. Hie /////weaoe/^/iv/rs. 

& 71ie s, 

?). The ^bro/a//eeo <s. 

»b Tlie 

Kiudi of these groups h siitMlJvehel la^ ittn'eriil 
si^iioua or familiefc*, Feruieiits and' or 


•^3f 

V/, 5 

I,;''-, t- ^ 

(■■< 

1 ••'> **' '1 

j"' 

i! 


< } < 11 “! ,,'J I. , > I. 
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microbes, properly so called, are still often assigned to 
the class of fungi. We shall spoak of them separately, 
and give our reasons for distinguishing them from 
true fungi. 

Hymcnomycef'ea are the fungi which possess the 
hymenium or umbrella; all the edible species aie 
included in this class, together with a groat number 
of extremely pokoiious species. They are generally 
of considerable size, and only a few among them are 
true parasites; they do not. therefore, enter into the 
plan of this work, and, in spite of the interest they 
prc.sent, wo shall content ourselves with the brief 
notice of them wo have just given. The other groups 
must, however, detain us longer. 

II. The Basidiomycetes ; tlEEDiNEiE, THE Bust of 
Wheat and Grasses. 

The name of cereal mutt is given to a parasitic 
affection caused by a minute microscopic fungus which 
is developed on the loaves of wild and cultivated 
grasses. This rust appears in the form of orange 
patches, which gradually spread over the blades of 
wheat and other grasses, and its common name is 
duo to this colour. Many of tho plants belonging 
to other families are attacked by analogous parasites, 
and these fungi are all assigned by naturalists to 
the genus Uredo, and to the family of tho Sasiduh- 
myoetos or UredinecB. 
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Basidiomycetes have no endogenou>s spores, but 
they may have as many as four forms of exogenous 
spores. This is the case with the rust of wheat, 
termed by naturalists Uredo or P^iocinm graminis, 
which appears in the spring on the blades of this 
plant. The patches of rust are covered with a fine 
dust, which, under the microscope, is seen to consist 
of small elongated bodies of a reddish brown, resting 
on a filament; these are the first 
spores of the fungus, and are 
termed wedospores (Fig. 5). If 
they are scattered over a blade 
of wheat which was previously 
healthy, they germinate by means 
of a hypha of mycelium, which' 
penetrates the leaf and develops 
a fresh patch of rust. In harvest- 
time the patches are of a darker, 
almost black shade, owing to the 
development of a second kind of 
spore. These are pear-shaped, Sspii’inK 

... . . apoi’ss and one tekuto^ore 

divided in two, with an enveloping Cmuch mAgnifled). 
membrane of considerable thickness; they are called, 
telmtospores (Fig. 5). 

Teleutospores cannot germinate on a healthy blade 
of wheat, and conseq[uently do not communicate '^st. 
They may remain through the winter on thatch 
or wheat straw, awaiting the ensuing spnng, and 
even then they cannot be developed upon a blade 
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of wheat, hut only upon the leaven of anutlu-r plnnt, 
the barberry. 

Borne by the ch‘w or by a (lrt>p of rain (ni (b»» 
young leaven of tlie 1^arb<;rry, the. tehMitiKspovo-H 
nate, anti fonn reililinh-ljnnvu piiteles vvbieh idb v\ 
both Hitlen of the h^af. On its lower snrfnt^e flie 
Hj^orcs arc smalh^r, anti are, ttq’inetl llteir 

function is not thoroughly urulerstootl, The hirg* r 
spores on the upjior siirfaeo are eallt'tl // t 
(Fig, 0), and with tlusst' we are inori' conetuneih ^inen 



B.— of ft lMrlK*rry-l<*af tuMflnir >wm % ttum^Oy l»f t ir'*.. 

(it //rOi/NiHiV 

tlioy arc clcHtincd ti> rittiim t« tho wIhtiI, rye, nr olhi'v 
{^lasHOH, in order to r<‘jii'i(«lii(;«j th« riist. 

When they are pliweil on a Winht of oiie or 
other of tlniHo graaseH, the <o<u«liiwjM>«i',s jfi rtniiiato «t 
once, and it Ih Hf)on eovrived with patehi*^ re«e«idill»ij| 
thoHO of the preceding year; wlic'ii tJieHo pateln-i4 are 
uu»nero\i8, they dry np Iho blade iind dimtrrty tlio oar, 
Hay and atraw alfirtjtfjd by injtt hIjoiiIiI never bo 
given to animal« an footl, Hinwt Much fiKxi way protluce 
dieeaao. 

Thus it appears that PtuHihutf, f/twnhf^ prr-wmtM 
phenomenon of alternation u( gencratioNs ; tlmi In, 
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il)(‘ cfunjilcto ilovcl(»|wivnt t»f <1r’ funj'iM i* <-n)y -I 

by its triiiisl’iTi'iii'i* tVn!(i oii<* t'l fiimtlicr. 

jilictiouiMioii iiiJiy b(t fi” !y (i!k!;'T\."ii lit 
{Ui'l it m'hjiis t'» I"? 

ill <»r(liir t/J WT’iiri* tbr |>rr*.<TV!iti'in <*f 
sjM'clrs, by piTiiiittiiii,' it ('> j'r*(vr •»»! two |<iiti»t in 
HlU'C<'Ssioll,(ir Wllicll (!h’ »< 'iilf''!'* 11< 

}ti)ri(>(lH(»f UiH yiw; sni'b h tli thw- witit tin bfiii'itriy. 
tvliich iM 4(;v('lu|M'tl in I’inly s|,inny, wbi!«' wli« n*. »■ 
ik'VcUiiwjd ill smnmiT. Fur a lony wbib; it wa* 
bclievnd Unit (JCi'pdihn /nv’/w/'bfi'.'f, ( a'Ai Vntfirtu, 
luwl I*w:dniitf gnm'mix wiiit? an niHiiy •HitSiwt 
uiiBciifB; but It ia »n\v known, as w«> biuf* ■ 
that tlu*y aro only Uiiw wucw'sUvi' jib;i '>u i,i tbtj 
<li)Vn|(i[ilo«'Tlt ol'a silicic 

tin* no.il- n> V!sri> 

of UdUfUjo mul Tillf liii, iiiv nmri’ ajit to nlb ct ibii 
iHiiw of wlwat ;ni'l oUn*r yrainos. Thi n 'Ufj-tix*' is turmoil 
by «}^i<!nlturiwta wmit or ro/*o«< (t.'/vr/M or 

UMUxgit H'gduw, nud TiUitia mrh*). 'I'bo 
grain iinii'oly ajijw’ara bi la* of a ^nmtwbat dart^or 
colour, bat on iirostdiiy: it kitww*« Oik* rtng*‘r#, tMw 
i«HiH*!« from it a blmskinh, oily piilji, wliittli imtoUla 
Uko rotten ilsli. Mrctol miuiit fhim Urn. jHlrntrof ;imm% 
(!f>m bait an aitrlil and Inttrr UnUt, and ii 

duca not aftjtcar to bo dinMutly U^arlkma M 

• H«, inatln, rJSftiiMna fiWiDM*# (kvrama '.*•*’ 'PMawi 

tMo and alaiiii; aua '<%a 

■ 
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it cannot be regarded as fit for food. The dust 
arising from these fungi often produces in threshers 
in a ham an irritating cough, which ceases when 
they are no longer subject to the exciting cause. 

The verdet, or, as the Italians call it, verdorame of 
maize is duo to the presence of the same parasite 
[Ud'ildffO segetum,TTredo carlo, or Sporisoriwm maidis) 
on the grains of maize, and for a long while it was 
believed to produce pellagra, a common disease among 
the peasants who live on maize.. It is now known 
that pellagra is due to the growth of another fungus, 
much resembling the ergot of rye, of 
which wo shall speak presently. 

Other species of Uredvnem attack 
sorghum, rice, etc., and, indeed, very 
many plants are affected by parasitic 
fungi belonging to the genus Puemda 
and to allied genera, and it is probable 
that they almost all present the phe- 
nomenon-of alternation of generations. 

A simple moans of freeing our fields from the rust 
of wheat is indicated by what we now know of the 
alternation of generations which ensures the propaga- 
tion of this fungus. We must destroy all the barberry 
bushes which are found in the vicinity of cornfields. 
Popular opinion, although ignorant of the phenomenon 
of alternation of generations, has long regarded the 
neighbourhood of the barberry as the principal cause 
of ^e rust of cereals. 



I in. 7. “ KpurcH or 
I redo ndnm wta, 
or i’HCiiinm corO" 
wdiu 
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In 1869, De Taste ascertained that in the parish ef 
Chambray, after the peasants had uprooted all the 
barberries which grew in the hedges, the harvest, 
which had been bad in the foregoing year, was 
gathered in under normal conditions for three suc- 
cessive years. After the Lyons Railway Company had 
planted a barberry hedge to fence the railway in the 
parish of Genlis (06te-d’0r), the cornfields bordering 
on the line were attacked by rust in an aggravated 
form. An inquiry made by the company showed 
that the disease was due to the barberry, and that 
where that plant was not found, the wheat was not 
affected by rust. On the other hand, a single shrub 
of barberry caused the disease to appear in a field 
in which it had never occurred before. 

The smut of wheat may be destroyed by the 
application of quicklime, either dry or dissolved in 
water, which destroys the fungus or checks its develop- 
ment. Seed com should always be subjected to this 
operation when affected by smut. In default of quick- 
lime, sulphate of copper is sometimes used, which 
may be injurious, or sulphate of soda, dissolved in 
water (eight kilograms to the hectolitre). This should 
be done the day before the seed is sown. In the 
of com intended for food, another process called 
tage must be employed ; this consists in the freq^uent 
stirring of the granaried corn, either with the hand 
or with Vallery's movable granary floor, so as to dry 
and aerate it, and expel the dost and damp^ which are 
favourable to the development of fhngL 
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III. AsCOMYCETE.g ; EUOOT OP IlVE; THK Slori.Ii ill- 
Leatiieu and Diued Eiti i'w, 

In distinction from the spocii's just (Ii-htUh'iI, tin,' 
fungi in this gi"oup possess (‘lulogotioiiK .-.jiori's, riii*l'M<i‘'] 
in a sac or spociul onvolopo wliirli i."! oilli ■! an o.>i<-a^ ; 
hcnco tlio name of the family. Trulili-s, nr T<ihi I'tmit , 
are only rojinKluced by the spori's coiiliiim il in lliix- 
asci; but most of the otimr asi-umyi'i'lcs pri’-unt. in 
addition several forms of spores, and tlm |il)Miom» non 
of alternation of genorntions Ims led to the tliat 

in this case, as in that of tin: foregoing gnuip, many of 
the so-called species are only .sncce.s‘'ive Irati foniiiitiunn 
of one and the sauio species. This is the ease iv ith 
the ergot of ryo, a prodmdi tminl in medicine.; it i*. 
however, a serioua and ilangerons disease of a*>veral 
of our cereals, and partawilarly of ryii (Fig, 8), 

Ergot is caused hy a uiinute (farasitic, fiingn.s whiett 
attacks the oar of ryo when it »« in ilower. The 
young flower is coverwl with a white miiMS, coiiHi ^itig 
of mioroseopio spores, formerly terimsi 
(It’ig, 9). Those spores reprmlnw) theiiwwlvcs on other 
flowers, and propagate tho evil 

The mycelium fomusi by tlw giTniinallnn of the 
sphacelium affects the grain, foms in it a thick f«4t« 
work, and is dovelopod so astooenstiintetimehingMirai 
sabstanco termed tclwliit (rm aocoitiii of its hnnlnotM), 
or ergot; it is callod at this stage OlamtvjiMi pnrj[H(,rr«if 
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Tht* Hidiacoliiiiu it fulls olf, ami imiii lli>* 



f«n(>wit%' wprfiijjy t,li0 firjjwfc rutuaiut U»«! 

»oH <«i which it hoc fftlkn. 
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In the spring, owing to the lioat and moi,*tur<\ tli<‘ 
hyphaj of the sclcrotLs nwnll an<lM'n«I furth nunr-rous 
branclu^H, Ix aring at ex- 

tremity a sort ftf rmmdi**! h»*nil, 
in whirh th(‘ nsei <ir 
arc (kivel(ipe<UFig*i. 10, 1!^ I:! j 
tlm endogenous spori'^i i‘i*^iuiig 
from tlH‘so aH(*i g(*rminate on 
the- rye-hlossonr and produre 
tlmre a fresh splifieelium, Hteti 
a Hoeoml ergt*t, thus ahvnys 
passing ihrougli (ho same rvi le 
of nltertiaiion of gi-nerjvf ions. 
Mf)Ht of the (iruhi i /owre and several ( ^///wovov are 
capable of uroducing ergotn resembling at rye, 



riK. 13**“roirt!t>n (it ntwiHlItitf ftumw $, wf lilrh 
4t h (tia »mt «rt c Uttt a»if^ 

aftd poHSOHHing the Bftine niediftal proimrtii-j*. Tluj owg- 
geation has been made that Inabjad of Uie ergot of ryu 



Kijti lU— Onf* (»r tlif hf'iidM or 
oigaiiri of irii(tiili‘Ulioii iit 
t'lKcjt, HI lit lunrt) uuKiallivil. 
a, [H'rltiioi oA. 
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the er|ifot of wlujat slionld W hi ; it in 

lai-gor, lurnhjr, and inon* t*loii;4Hti*d in lia*ni, and It » 
appf^avs to Ih' Io.sm pt^isliahli*. 

Kr^jfofc of ryo, t‘s]j(u*ialiy whiMi ]>owd»*r«*d, 
msonil)l{‘H moat in hum*!!, mnl only IjorotnoH iinpit fr^imr. 
wlnni tlio pf^wdor Ih Hp<iiliul ]»y bfini^ kopf in a danjp 
places; it tlion siuolls llko rnlt»«n and tbi* in 
oafse with iiiany fun<j(k 

At lit\st thi^ is not vi»i‘y app.'iront, bnt it afti f* 
wards produces on tho pliaryns: a sinnowlnit pord^'t^ m 
mmso of ooustrintitm. Thr olaef action of ^hU dro;,^ 
eonsistH in prodnnin;^ coutraetion of nndrirded nM»«rU' 
Inr fibres, espoeinlly tbosf* of tbn ntoruv 
and nr;^otiiiina am exfraeleil fion* it, ntid tin* wbitd» 
aro its aeiivH prin<dpli*!s, am rd’tm linplo^. d in tbor4 
pouties in ju’elrn neo to raw or'^ol. 

Jn lar^e d<^sos er^ft*t is a stn»n)L; poi M+n It tin n 
produces e!inriid»uistio Hyinptoin 4 , dilnfatiot* of ibr 
pupils, ndardation (d llio circubuiotn vrni^fo, ntnpor. 
and oven deaila 

liraad made with ilotir froia whiclt Uio myni bai 
not ImHi i»Ktmcti«d may prodiif a M*o hyiiipfonH 
known asorfjfddsm, and Main Is^roioft fatal tifdc^s 
tbo uso of Hunh brcafl in diveofiiinmni SomaliiOift^ 
fiarvoim sytiipb>m« prodominato, and WiU is 
convulsive ergotisu* ; Honmtinms tbe di^^^*aso takvs tlm 
form of gangmno alt tbn iMittimtitiosv oi^ gttngri^tm«H 
m^otism, t>ut these two fiams arc only two of 

oim and tlm juano discuso, and often ors?ur in i!ic 
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individual. In cauntricH whoro rye bri'nd const 
the chief food of the rural populatiotiH, an in Ihvihuat, 
the north of Franco, OrloannaiH and Lo I>Iai.sfrjs, iiital 
epidemics have boon recorUttd at (lillnnait tinuss in the 
Middle Ages, under the nanuj of Kt Anthony'^ fir**. 
The first Bympiomsare a Hp(‘,oi<*Hof ini(ixicntiun,wftii*d»t 
after hy the peasants, atxd lK‘Coining habitual, liki« 
alcoholic drunktuinesH, up to the moment wlo-n ccu^- 
vulsions and gangrene in, and d(^jUli somi ft>IIo\v«. 

Ergot of inai;co produce's aiialogoiH plooiuniena, li; 
countrhiH wliere maize hri'jui ami arv) in us*o 

as in Italy ami South Amirim, it to he, i\u 

cauH(i of tlie diseaso improperly calhnl Of this 

tlui shedding of the hair and skin k the lir ^tr^ympnim/ 
Fowls which feed on orgotizi-d tuaizrj lay tggot which nn- 
devoid of shell, owing to llu lr preteatnre ifXpnl dntt 
from the uterus; their comhs hemim? tda(‘h, nhrivO, 
and iinally drop off; and they iweu shed thrir heaks. 
All fchoBO phenomena may Ih^ easily explained hy 
action of ergot on the muscular tllmm tlm nUm^ 
and of the hlood-vcHSids. 

Re^iont research has sIio wn that fVAoA> is id«*nti«;nl 
in its cause and exUmud symptoms wirh the 
known in northern Italy ami in Urn wmih of Fmnm; m 
X>0llaym;px4 in Spain m the ivm if^iekness. Iho lath r 

^ Wo lihall pmmilf m th^fc Uto namo 
|f>«4rw>tl)ioir imruiiltic iMfHMiUur e> Umt |Hfcrt * 4 ' the mUu 

idtb hiiit, Thm* two diNOwittH uuint not ht)> mntWiin fritwiUi)«f4ifeh 
Ing tho ilmllarUy of name, wince they Mre by tietgi 

iH^kSfglnit lo 
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rinmo is duo io (Im r«‘r] stuiiH ulnrli ri»vrr tiu' 
afterwards dryin^jj up jhi» 1 iallin:^ off in tie* of 

scales. At Ihhi the liealtli in not ndi jurJ 

several years may inforvme before tlio orTurn^nro of 
vertij^^n, a want of appflit**, funaciatinii, an<l liijel!y iIh 
torpor anil convulsioun wliieh jfri'('o»lo doaOn ill 

(iftiris may l»o j)n*ventr<l liy 1/nkin;^^ tie' nadxo ki foio 
it, aceordiii;^ to iln^ jirocoi-.s it) u>‘e in I tui .'.jundy * 

TlH‘r(* is anoilier very comnnai fuiviu r nl-o U;lon!(- 
itvj; to thc^ |^roU|j of aKComy<*elf‘s, 

This mraild iippearH upon leatlo r wliieh lia>j 
been loft in a damp place, and on vr^.pdnbie or anined 
mibstancoH in jirocess of docot«pf»eil.it>n or ladly po - 
Hi^fved. and cnpi^cially upon cook« »1 fruits. 

This mould 1 h of a sombre ji^n ein a colour by n^- 
iiusuiH <lno to the presence of chloropliyh On l:et 
mycedium^ which spreads ovi^r the j.uliAjniee of i!o 
leatlier f>r of the fruit -hkiri. Niuall struis are develop*Mh 
couMUtinjOf of a jointed tyidu), and terminal incj in an 
enlarged head rut wddeh chaplets f*f uuudt |(rnin*i are. 
formed, each of which U a Mporo* Tlii*s w^as foriin * (y 
termed Ai^prrpifluH f/hmrjLH^mu^ wju regardod m a 
{mmiliar apeeim (Fig, 13). 

When, however, this immld h #leveloped in a fAm*s 
in which tho supply air in iimitml, funall goW-i$i4otirc»l 

halls may oftim bo ohstwved la^d^lo or in tho rgldirtcif ihv^ 
atmns, and themi aro fillad witiii 
night M|>ori5«* Thia aiicond form haa Hum* 

Uum np^m, lb hm a^c^ntly that 
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the balls in question aro proiliu'i'd from ilio sanio 
mycelium as Anpeiytlliut ylaiirm, and that coiim*- 
qucntly the chaplot of stalks and tlm balls lillfd with 
asci aro nuu'oly two organs of tUo sanio fungus. 



Klg ifl. JufftrgitUH Iiittht-r #utl ndtMi 

(U<‘ (‘Imidti «! Itt* i\ m U4t <4 lv“tt 

Ilut ounKUiliMt i. 

The chaplot of spores in Ai^itciyi/lim i/Ittuni/i rcjui'- 
sent tho white oxi;g<mouH sporo's, or tla^ yphiM'^dinto of 
ttie oj^ot of rye, anti tlawsi which nr« subwquiuitly 
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jtr<wlu(*ti(l in tlic y< ll<nv IkiIIm coiTcvjtrmd with 
wliich i-^suo frinii tin* a.'<)i dcvvlnjifil dii the •'clcr*)! i-< ; 
IhcHo am sjtori fi. 

Many <»f‘ tin* iiai'aMtic ruii';i hidniii'inf^ to 
Eri/Hi/ilic, < |in -^ 

sent a Kiiiiilui' tiind'’ tif and a'5i-r-t a laiyc 

iuimi)i-r of plniit't. Such iw the Onlliim of the liin’ 
{JUi'i/nililif Tiif'h'i'ij to which wtt slirill pfc-ctitly n vcil. 


IV. OoMvcCTKs, Mfroittsi-;.!':, on Moim.ik. cnopiAtiA 
so CAU.KIt; h:itoXOKl'OUK.K; Till-: roTAio-FPNf.rs, 


In all the parasitic fniij'i ofwliudi have hitherto 
spoken them is ii<i si-snnl rejiriHhiction analooodN tn 
that (»f tln' higher phintM; theroure no male and f< male 
organs compural4e to the staiuens and pidil. Thin 
Hi'Xtial reiu’odiietion e\i;d.s In (he oomycefi-;, alllime'h 
only in a vi*ry elementary hmn. In 
tpidithm to the ordinary sporcM which 
/‘vvo iiave noticed in other fiinj^i, there 
am othet'H tertiMid t/oaporca, whieh arc 
ftirnied Ity the fiihionof thei>rI;^innHy 
distinct (’rmtentH «tf two ditfereiit 
cells. In the family of the tnueorineio, 
which tncindes most of the fnn;** 
commonly (falltjd wtmftfM (Fi'j. 14), 
the tvv<» cells of whiel« the oontcnM 
ftis* fiiwid l«»ynthi’r am sinulap. ftt tha |^i<trorioM]win'ot 
however, which includes U»«j phe of the 



fig; O. ' 
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celk i« larger than the otlier, ami perhisis nloix' »ip t'» 
the moment wlion the oospore is iiialun*. It nm>t, 
therefore, be regarded as the feiiiah* c*'ll; while tie* 





ofclior, which ia »malU(r ami hoihj u-iUn'i'x mny, i.-t ft 
itiftb cull. 

TI»o niycttlium of th« !.< in 

more or Iohm li<iui(l medium, liko itll 
and pukcfyiiig Huhatancea. 1110 ordinary r 
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wry HHiall, ami an* funa*M| \AifIiin a Miiall fiiiar /# juMii. 

luirm* im a fivi- liyplia Djm ijui^riiiua. 
Th(‘;r .sum*ssi^»n is antjsfani ai^l iiu’ii*rou^ a-*? 

thi^ plant is in it lavuiiraMi* lut tlinia In uhi!!*l) \\ viu 
ilonrisli. T\u\ spuiv*s wlimh «rr ToiiiJ in ||,i^ 
nit'diuui ^^(‘nniniihs ihiil npntiluf'^'a inycidinin 
to that Ironi ^\lurli had tin, ir »»n 



lha may \m im mimh hh a 

itrjfin* in vnliimo than nrdhiury apniw. Th^^y Mlliy 
>rm(al wht^u ila; j^rmvth of tlie in on thci 

it* for wlo.*n tli** ^^^rvinjjf w a unji* 

ort tci Urn my^fdiitm h drying oJfj n Ionic |aitri*Kl nmy 
Iwfom thi^y gormhiato (Flg». IS a*i4 10)* 
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Fig. 15 repr<;,sonts tlio roim)f1nctivfi organs of 
Mwior mucfido. 1 is tho sponuigium with 

ordinary spores; in 2, the wall of tlio sponuigiun* 
has disappeared, so as to show tint spoivs norrul 
tho central columella; 3 ami 4 fho gt-rmioa- 

tion of these spores, giving forth tli(‘ir hypluo; 5 gives 
tlio conjugation of tlie sexual spmMvs, which an* (u^4*d 
into one large oospore, (>; of this w. set* the gennina- 
tion in 7, and it pnxluces a hyplia tm’iuinafing in a 
sporangium. 

Fig. 1(J rt‘pnwents thc^ same* <irgfms itt a /Vrru/o- 
In I we see the rnyeeliinn of the fungus 
})enotrating tho tlssm^ (d* the iiifi*ete<l plant; in i, 
tho fructifying apparatus eont;tinh»g the ordinary 
spores issues Uirough a stoma, ramitles, and proiluei^ 
sporangia at the oxtnunity ot < neh hratu'h ; in 3 and 
4 we S(<o two sp(n*eK which have issnn 1 flullj 
B{K)ranj,fia g<(rniinaf,inf( and jH'indraJiiitr Jin' i iiidi-rmi'* 
of a l<!af tlit’onyli tlio wtomiita (n, h ) ; in Tt we v.ii*. 
tho conjugation whitih him taken plaeo Imtweeii two 
tViHHiuiilar ctillw: tlio nuilo c-ell, Miiuiler in ^^iwi 
(pmfMriil'kvm,) in ap|>!ie<I to tlio large feiaah* ccIIh 
( ooycw&um), ami after tliw mode of reif.i!i/;ili»m it 
is tonnod an oosporo, which is i‘oprr>sent(,d in tj, 

3Iuoor mveedo, and other species «tf Din sntno 
genus, form tho small downy tufts of a },nv.Oi h wliito 
colour which may ho olworvi-ij on uu.itidy hrcml, mttcii 
fruits, and on tho oxcremont of lioi-*cs, rlog-i, atnl 
rahhits. When oxamiiwxl umlcr the t«icros«ti|M*, Dm 
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filaTnonts of tliosi* tufts aon.sUt at tu» ir 

uxtmniti<‘H iln^ s]uira!i;4ia rrpn'.M'Htrrl iu 15 . I. 

Oil rotten fniitn, tlie spnrrs of tlnsr^ finrii rioinah’ 
in five or hIx hours hy introflneiii;^^ t!u-ir hvphot 
through the ejuilerinis, iSYrr/o^oss, is niiiy th^* 

first stage of rothunio^s, ii, aenu'fihig to llavauo', 
to he aHcrilH*<l to llu* aelhm of fungi, Fpiit «it 

this tnouMy condition is sonu tiiiU'H tiii^Nho'* oniM, 

The ]>otn,to-fungns, J*f r^uto^purtf^ U oio' 

of the most <lri*adiMl seoiirgos of this \nlun}*|o jibnf. 
It attacks the lower surf aeo of the loaves and stalks, 
anti ap|je*ar?i tn the month of July, in thi? form ai 
brown patch<?s. The long liyplun jH/mundo th rply 
Imneatli, the epitlMrmi.-t, ami will evtm pro]mg-.'iti» tleun^ 
Holvt'H on the iuhiuu 

Among the (‘ttuso'^ wliieh projlm*** or juvonof'* tlii; 
tliseiiHo, iigri(*ulturist.H plaeo f lu? o\o« v.i\o inol-lnre 
of tlu») Hfol, Hefting the phuitu f»jt* lafo in fhe --ojiMai, 
the unit </f Imtl msmI, fho |m niutnre nml tnlmu-iiog 
giu^minatitm (tf tli*^ befiMf* they nr»^ plufif'^d, 

ami the nm of frtfsh dnng vvhieli is not Mifiieiently 
decoin pOHod, 

The following proeen^ U indieafml m Hlody to 
prfwent the clevelojunent of this In tlm 

springs the first j>nd;is?live ridge Hhmdd prepared 
with a fiat top, from eight !>*> ten tsmthnelros h(gh| 
im<l from twenty-five to thirty c^eiitinietafeii whb?. 
In the lirst fiirtnight of Aiignst, a «wnn<l pfirtwtivn 
riilge Hhenlii be earthed up, of whkh ahoiitd 
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bo acutely sloped, and tlio stalks of IIkj plant slioiild 
be turned down into the furrow, so that any fporas 
which may be on the loavo-s may ho wa>hi il ulf tio ju 
by the rain, and not come into coutaet wiilt tl»i i-t'tm 
and roots of the plant. 

It is probable that oarth-woniw (liH'iiso Mio spnn'S 
of this fungus, as well of ilmso <»f many oIIot 
microbes. 

According to t’rillioiix, beetroot is nttneked by 
another species of Viu'tunmpurtf, which eatiM-s the 
Joaves of the plant to wither and fai!. Thu reiiiuly 
consists in burning the (lead leaves on wideh tin* 
oospores remain during the wiidt'r, or, nt any tale, 
in not allowing them to be plaeitd (ui tlm dungdiejip. 

The mildew which affecls tint vine is al'io a speeirs 
of 2Vronos^;oj'tt (IKvifU'oht) as we nre about to <<bow. 


V. Paiukitio Firwit of the Vink: (iiimi'm, 
Mu, DEW, KTU. 

The parasites of thi> vine aro Bft tinmmma n?* t/* 
require a separate chapter. Home years ago, in JH7i*, 
iifty of them were enntuerated by {tmiritHgin’''r<*,a well- 
known specialist, and the numlsir is now tnont tliiut 
doubWi Wo shall only w<»w speak of tin* more 
important, of those which aro esiswliilly inJiineiM 
to the vino, and which consctpicHtly ars the tiiest 
interesting to us, 
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Oulinnh — OYtlimn, or T*i*‘h'rf ^ 

crillod from tloi naiiio of iln* v hio-;/no.v^'r hy wltnm 
it waH first tU*HcnlH*«l — Jms 1 m <n kninuj fo 

m amon^f those parasitio ftiia;:!. It tiitj 

;^n)up of AHCoiny('<*tos, aial appears to have reaohr^i 
tis from Amentia in IHl-o, in wliit'h year it win tir4 
(thservcd in Kh;j[linah Tlomee il pa* river to 
Franco* In 1S47 it was iiotieeii in tlie te ixhhoniiatiMl 
of Paris; and afttjrwnrds, in lHri(MN51, in the Manh 
<rf Franco, whtire for twetilydivo or thirty yeans it 
rageid with such intimsily a?« to threaten ft^r i^orne 
years the almost cornplnh* df^st^ 1 lction of the vim* 
yards, a destruction wltich is now taking plac** under 
the attiuiks of atiothor pHranite, holonging in this 
instance to tin* animal kingdoui: 

Tlic (Adiutn, the wliiit* «iise#i,o* nr "/neunh/', won 
er|uully <h*strucUve in the vineyaol. of MioMrri, mi 
that it was tieci'ssary to nprooi. all th»^ virm^, an*/ 
re|)Iace tiuun hy woiual plants whud» wi je iiienp?d4e 
Issaring grapes for some years. 

The ohlium appears on the grH|H) in the ffiriii 
of gri'yish fllainentH, U^niiitmting in an enlargifd heinl 
which contains an agglonicmtioii of spores, not 
or in a chaplet, m in (Fig |?l). 

Mpores esijape as flrii» dust, iJimnu thmimhm to fcW 
air, and spremi the (liscasc afar with eatriuna 

If a s|K>ro lodges an a vinedeaf tnator 
conditions of iitidstiim ami warmth, it mnm i^ormtoaiiiii, 
penetrato tUo epidermis by of l*a liyphio, ami 

''' ' u 
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forms floury patclios ■wliicli noml forth a pi'r’ulij.r 
musty smell. 

The oldium may remain latmt on tin- vim-stnek 
throughout the winter. In tlie H|»riiig it ri'a|i|ti‘jiri«i 
in yellowish patches on the earliest leaves, on which 
it is rapidly propagated; tl»‘ jilaiit Iniigiiishet, niid 
the loaves heenmo [lalo and, as it wer*', atie niie. 

Very dry wi'.ather is tinfavourahli' to oidinin, and 
so also are heavy j-ains, which wash tlie fruit mid 
leaves, and carry aw'ay the spores on to the soil. 

The remedy consists in the njipliwition of sulphur 
to the infected vines. B’lowers of sulphur is used, 
which acts upon the fungus ly graihiall.v settiTig free 
sulphurous acid. Under this iidluenee the microscope 
shows that the superlicial myccliutn and the friiMili* 
spores dry uji as if they %vort) hnrnt f.Kd. Aiiflrej. 
Throe Huccossivo applications are, necewmry, and these 
are nuwle with the help rif a speeial instruimuit in 
the fonn of a pair of hellows, to which a loso is 
affixed, in order tri ilissominato the flowm's of .‘uilphur, 
The first a[)plication is injwlo in spring, when the 
flhootfl are from eight to tea centimetres long; the 
second directly after the vine hm hliwsoniied; and 
the third when the grapes Iwgin to rificn. The »|Mirra- 
tion in spring is tho most imiMirtant, and should Im 
perfonned with tho utnnjst (sare, so as to afreet all 
the hybomating spores from which tlia sumssling 
genorations would issuo. Not only tho wj»|>mp and 
lower sides of tlio leaves must Isi dusUid, but oJim 
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tlio l>rainieh(^s and tlu* sinek Tin* tliird n]*|»lir!a- 

tion nlionld inadn, rarly f*non;L?h for tin? tr* 

havE) (linappoanid from tlio p’ajK'H Ki-forn tho vintjn/'J 
takoH ]daco. It iw nvirlont that its iiiiroiluotn*iii itito 
tlio wine would l*avo tin* \v<n‘.st in pror» >;s of 

foniumtation Hiil|»linn*Ufd liydro;inn would 1 m*, 
otr, wliieli iH jnjnriouK tf> ilio ulnoliol, nii*l this 
would ylvo an unplonsnnt tnsD* io tho wim*. 

The morniii^^ i.s tho tijnn for ftp}ilyin|i; Iho 
sulphur, Hinco Uio daw tumhlos thr pfnvdrr to stirk 
to tho lc!av(»H and hraiudu H; and it should hr nuido 
on a fine day, siiicii hoavy rain ^vnnld rarry idf llm 
Hulphur bofora it has timo tf> a<!t UjMUi ihr^ oidhnn. 

Tho sulphur uhh'h nltlinatoly ro»f‘hrj tho noil 
bi'hjw th(^ vino Ls trail, ■^forino*! into sulphato of linn*, 
whioh is an (*'^ot*llont drossino for thr vin»*. 

il///dorv ' 'This n<*w parnMib%of whitdi tip* ^rhuitilhr 
namo in /'rroposporn, r/V/ro/n, brlon;,^s to tlio f/roiiji 
of <)oiny<Hd4*M. U also orunoH in Ui fnun Ainorlrn, 
It wan iiuportod into Kuropo in with tho 

Anufriran plants dosiinrd tii- rnplaro tb<»s*' ihsdrnyod 
by tho phylloKom, atnl was rapidly dilbiwil 
Franw, and thoiicn to Alj^^wia. It apponrs in thr 
form of invj^utar jintcdM*s of a whitinh oolotift not 
vory think, and with «n alnuKit rrywtidlinn 
anno Uka that of a salinn ollltirrHi^otino (Fkiudinn)t 
It has not tim mouldy Mimdl of oKdium, mid EpfimrH 
lator in tfm si^ason, gonomlly on thr aiitmnii alioots. 
Its myeoliwm pimvtmtoa inotr^ dmplf Ui#ii that of 
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oi’dium. Brown patclios appear on tlii* npp(*r HuHin*** 
of tho leaf, aw if it luid huvn HCorelKid ; and in einr**- 
sponclenco with these tlien^ Is a dt'lieah* down “like 
the whitonoss of a slight hoar-frost’’ (Vais err; on its 
lower surface. The hyplnn issuing fivuii the myeoliuni 
ramify at right angles, and th<‘m* iMunehos hrnr the 
spores, as in th (3 potato -fungus, iVr/o/o.H/eov^ 

(Figs. 17,18). These nninenuiH spores, dilluMsl thnuigh 
the air, are powerful sources <ff ecmtagion, 




Vif,< 17. Mlhtrw f (t, VMthiil *if * loif. <♦!’ 

Dll Un^<*r hWHiWfi 1^, a vvlUumt iffMiHtt tlmi 

V A ii« (Urn.) ' f f / 

This paraHiUt ^loHtrcjyM tlio tiNHin* uf Uu* 
<>x!iauHt» ifc^ and finally caiiHCH it t^> withnr niitl fall. 
TliOHo which arc h'jwt afGtcU'd hftV(! niily 
patches. The huncli of ^m{HW and thi; youiifjf 
horltacooMS shoote are randy affoctod. 

In addition to tho orditiary <)r smonwr sporwi «jif 
which wo have spoken, tho ftuxttal sjh*«w intisi 
noted; the oospores, or dormant win^r «|ion»i. whifb 
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hyl)crnat(i in tlu* tisMun of tlw li-nf it'clf 17 , A), 
iind yuminaU' in tint ^iprin^^ niin conjiiifatiun of Hu 
si'xnal Hfion-s as w<'il as tin* ript'ninu' of tic* “ninnifr 
s]MH*i),s, and tin,* ;;i)rininatittn 
of the zrio,sj»ori‘rt which issue 
froni them, ean only occur in li f ''■ '‘'i 

a drop of water, rain, dew, v > 

or mist, so tliat a j(ersiMcn( 

<lrouf(ht checks tliei)ropaeatioi I i !%• 

of this funf'ti.s. /*'/ 

TIui parasite inJiircH the jf 

stock hy strippitio it i>f it-. 
leaves, tinis himlerino the nn- 
fcrilion of tlie [dant; moreover. 
the /Trapes, .since tliey are iin- 
perfectly protei’ted from the 
■sun, dry up hefore (hey are , ,, c . 

ripe, irhimetinies, nl*>o, (he „''V, j'.,t ‘li 

„ ,, , ,, .. til, >i,)„riSi...,'e, I'll, 

tuiifjtUH attwks (he /frape itsclt, , n!i,iit,.ji > 

or its peilmicle. ^ 

Vines planted in a t»mis(. soil resist it«^ attneks 
Irtjtter than others, simply Is'cause the natiir*- of the 
sitii makes tlii» plant more vij.;{oronH, mid siiiltdde 
manumacts in the .same way. When tin? fungus is 
dovcloped, It may he destroyisl hy sulphur lUliMsI 
with |»ow«l<!red lime. Hima* its myceliulii k matt* 
deei»ly seatisl than that «if otdiuiu, it i«, 
to have mwairse to more vigonniK In order 

to rtumh it. Ihiwderisl borux hwi ftlwt be««t pni** 




ltd 1 o .11 d f ' 

Oi ^ lOD MM# li' I I >, i ".Fl ' M' 

It di«tiil,j Dill tfo i *1,1 I ^ oTi I I 

I in ‘A’l,i .ifi ? le ..‘■I'li't/ r 
■WJjO.tf 0 , 'iVjh »#t mJI 1 



?>S MIOKOBEB, FERMENTB, AND 

Hcribcdj in the proportion of five )^rjnnin*H tf> n l!rr»* 

i) f water; also a solution of sulphaio, of iron, o!jt^ 

kilogram to two litres of Aviitor, with ulueh tho 
stock should bo washed fifteen days holbre the shootM 
begin to start (Millardet). Mme. in l!urde|i)i^, 

lias used the same substance luived willt lime (fmr 

j) arts of powdered sulplnife of iron to twenty pert^ 
of lime). Tlie fall(‘n leaves wlneh eontain thr 
winter spores, or oospores, shiMild be bnriit or burieil, 
The stocks shoidd be irrigated ns of‘ten an pf»^ »ibli*, 
and the luavos should l»t‘ dusted willi lime itt ordi r 
to dry off th(Hh‘vv or mwt, whieh fiuours tlie frtili- 
>!ation of tins <a>sp(jnjs. 

Some Hp(seieH of vines resistr the dl'-»east' Initf'r 
than others, find this Is the ease with the bnbermd, 
a vine from Mdd<ie, wlueli has remained idnn^'it 
entirely free from it in infootod rt^gions of Algeria. 

A7i,fAmmoHiH^ot* Jll((4‘Jc-'iUd . — This fnngt* of wlueh 
thenannoxH Ph<mui mJmla,, or Sphan laHtti 
btdoitgs to the fiscomycet(\s, Of nil the of 

the vine it was the oarlieHt krujwn, Init it wiu only 
in 1878 that its devastatiuiw were, ini[H»rtaitt enough 
to attract attention* Like the two prereditjg fungi, 
it is reproduced by spores carried afar by the 
briiossc* Heat and moisture are fftv<Mfrahl«? Ut its pro-^ 
l^agation, which is checke«I hy drought 

It appears on the young shoots in the month 
of May, in the form of round Idmjk Hjsds whifdi 
gi^ually spread over the twigs, leaves, anil gra|s?a 
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The young Htalks assiinu* a Hiekly apponmne^^s nn^l 
‘jften witla^r tog^^thor with thn Imivok anil rVnit. 

Wh(*n tljo fungus fasputs fUi tlut jn»ro-\,*Mrnlar 
bninll(\s of the heaves hi'fon' their c<unplele 
mont, tlu‘ I(‘av<*s shrivel ajnl enrl up, am) perhina their 
fuiietions iinpcu’feeMy ; when itattm-ks llie jietiMleur 
p(MluneIe of the* hiineh of grnjies, it ‘Irie^i np. oiel the 
destruetion of all ilte parts in dept ndeiier nn ii m/ou 
follow. It is this fungus wldeli, \nid* r tint tnune of 
rot, now fjevastutes ilu* Anierieun viiif»yards, 

Hulpliur is hy no nu^fuiH m oflJeaeirMH in this ease, 
as it is with otdimit, )>ut the following treatrinniit 
preserilKHl hy I'ortesi - 

1. The pnndmgs tin* %dfte arul idJn r remains 
of the pr(‘ceding years should he. de'drrtyed ii. lln* 
suek(‘rH and y<uing Nhooh* sltoidd he du^tnl. in the 
smuid fortnight of April, with >*laKed liiue uhieh 
hee.n finely (iow<lered, and tldn openifinn should he 
n^pc^afed oure a fiu'tnejht up to fln^ end of dufie. 
ft. Hulphur sliould ho applied at the teinn) tiiinv., 
espeeially if there m any oidiuiu. 4. The vtne^ 
shouhl ho dminisl and irrigated as often iih |MUsihh% 
In nil mH(\s in whieh Iho fungn # mn hc^ doh^et^nh 
powdereil linin should he applied at the iiiterva) iff 
snuio da)% alterimiely with the same ^u)«stannu inijied 
with llowers of sulplinr. 

yl <dr/oao/e, nailed hy th«* ItnJianH thm 
must not ho eunfoumhal with Atiihra^WiMK A<5i?or^l- 
ing to ramnk rosear«lu% b wt prtaJucud 
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by a fungus, but by a (b'grtKTaiimi whb*h h 
apontaneoufi or, as Pin^tta an<l (lugiiii tin 

work of baotcria, and which coiisi'^ts in tiic trair 
formation of the celluloso ami Htar<*h of (In' j>laoi 
into (lexirinn, as (Joiuos aasorts, or, acnonliiig to Pirotl.i 
into tannin. 

Thin (lijsoaHc apjM'ar.s in throe 
diwcolouratiim of the nap, which as^tunoM n tauov 
black sliado without eli( cking vegetniinri ; i:^j n begin- 
ning of nocroslH, which n^iith-rH the plant nnlo'althv 
(3) a complete inwoHi.^, which allectr. tlm woody parf 
ami arn'sts tlui growth of tlu' plant. 

This is Cfuita^ioii,!, wbh'h h ad < m to 

boliovt) tliat if it h m«t jn’orluced by a fntigu?., ii ii 
at any rate due to the duvolopmeiit of a bjit/uuinin 
that 1 h, <if a inierobo, 

Tim rcm<i<ly iTidimtnd by Italian nafnndi^^ti con 
Hints in tho applicutirm of nf fKda-duni, wdthdj 
may bo oxlnicted at wmall coht from tin* asln s of the 
vino tjranclnm which are burnt up»m the 

R<mkrm Ay/^ogco,, m* iW. - Thin pnrn'^itic fungm'* i i 
found on tho vimonsiH and Uhh iweot.ly studied 
by Prilljoux. Tho vltm attbcbnl by tliW 
langiUHhes for «oinn years imd thi n dir.^. Tim nvil 
Hpromls by moans of tho mois in adjoining 
and tho parte affoeted Hproail likn tho patehn,^ fornn^d 
by tho phyllrjxora. Tho rr>ote rot aw ay, Thi^ 
has been widtdy wpnj'ad In Haute Murno. 

This small fungus in dmtmct front onn which laiate 
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tlio .same French nani(% Pitarndif^ which in fimnd 
ill tho Houth (^f France*, and lias been stmlicd hv 
Planchcn and Millardcfc. These naturalists dcscrihi* 
it as formed l>y the rhixoinoridums mycelinm of 
a largo hymenoinycetous fuiigiis, 
liinlma is very diHl*rent. It is a Hmall white fun- 
gus, with a white or ash-colouroil from eight 

to tern millimotreH in size, of wliich tin* inyecHuin 
lives in tint interior of the vino-root •>, penetrating 
and profmindly affecting nil the ti.sMiu*s of the routs, 
and producing in the autumn tho fructitu*ntion which 
cuincH to tho surface. 

It is generally developed in marly and nrgilhwjeotis 
soils, affair a rainy season, anil in thrt low-lying parts 
of vineyards mi the slope f>f a hill It thrives in 
ilu^ moisture which li»*H helow the surfiico of tho soil, 
and it is Mujrehjre impuHiiiit improve the con- 
dition of Uu»sf*. Hulesoils which are impennenhlo. 

It is also necessary to Hf^pamte thu stocks, so m 
t<* prcvfuit tludr roots fr*im interhunng, and to tipnsu 
and Inim diseased vim‘s, since tim ftiiigns may subsist 
for sovcTal years in dead and dried itKda* If, which 
is almost always tho citHo, any fragmctite of nsits 
rmnaiu in the ground, they wdll rohtfccfc tho soaitd 
sharks wliioh have been sulwitituhsl for thoin* 

Itmuirkn on, of Um may 

mirfirised that UiU valmblo plant, widoh haa booh 
so candidly cultivated in Franco, should bo alfcackod 
by such a number of both anhiial and 
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vegetable. Yet wo slirmW rather la* surprisiMl that 
the vine has nf>t been eoni[th*it*ly (h\stn^U'*l {y tin* 
combination of such diviirsct sooiirgos, oihI it ha-i 
effectually resisted the.m in Hovoml roLdons of Fraiioo, 
Wlien wo conshh'r that for lon;^ ycai^s tin* siuu*^ lomry 
old stocks have laam rc*i{iiiri'd to |trndurr 
without truc<» or increy, anti (ffbui willmut fj^kino 
j)iUiiH to supply to thi'in by a manure tho 

nounshmunt which is withdrawn from them by iho 
fnictification of tlui grape, wo shall lit* lo-is «iNfru*i 
at the <lo<*ad<‘n(;(* of our vinovaril'i. Anfk iiolood, 
onlightencd minds asiU’iiio tlio attacks of Uio'ho 
niaiicrnus parasitt^s to tho W4‘akni*.M and c\1iaudion 
of our vines, rather thatt to an v accidental cairns, fsiich 
fisaii imjiortfition fr<au without. 

Tho principal reitujfly may, therefore* W found itt 
restoring the sirengih of the vim* ly the planting of 
young siuckrsrH, and still nu>r«< of sec*!lings. In-^ti^ad 
of atUanpting to intnahufo foreign pltnK \^ddch it 
may not bo easy to aeerunati?5t*, nml which will 
cerbiinly he loss valuable than tht^ vines we have 
lost, it would surely be bettf*r to s<fek to reg**m^n*tn 
our imligcmouH kinds by crossing the cult jvaff*d stoeksi 
with wild viuoH, or else, as Millnnfet by 

crossing tliem with each other* The allU^tnpi might 
also be tna^lo to gi‘aft the stocks frotit tk»rd«*nMx and 
Burgundy an wild or Amoricart vines, wddeh otter 
a bettor njsistauco to tho atttwjks of the pliythi^iem. 
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VI Hatmtat of PAUAsrTif Frxoc tiuuu I)KsTuro- 
TIVH A( TIOX. 

The haliitai of innmsUlc is t*xfrpnu*ly varjiMl. 
RomuojLjum*, in ln*s //^os 7 /vV, has ilrvoti'd 

morti titan forty pa*4«‘S of a lai\o^ (|nfiHo, jinnOMl \u 
thr(^<s columns, moroly to iho otunnfmtinu r*f futt;;!, 
olaHsifiod acoonliit;^ trt tht/ir jw»sititm hi plfOtf s, nnirtmls 
(tr^aiiicor imtrjj^anir- sulwtaiicttN uimI thoiutihor hlmsolf 
admits that this list is fur from 

I’arasilic ant found on {dunts htdonj^in;.: 
all the familioH of ilut vojjfofatfht kini^dont, and uho 
(tn otlmr funj^i ; on llvinj^ arthnals, vviifAnnU* and 
itivmirltrnto ; tm (Itoir doad Itodios and on oxfu’iiorni; 
in Hta;4uanfc waters and in tlm soa, on pilos and ritokiv* 
( >Ui(’rs jirofor tmirslios, furf-hf*»^H, hoatliy uroniid (whi*rh 
ntay ha marshy m* «Iry), dniv‘s, (‘hv'«s and IioIoh, and 
oven c<nn}dotoly i’ovi*rt*d hy tho soil, as is tlin rasa 
wdh truflhis, (Hlmrs, j^rovv upon whams, wallw^ 

and rocks; in tlm opon air or in ruins; or, like 
r.tiiijftntutitta and llimfintJa tffllavhit in iho durkuwt 
cavr^H, whom thoy htrm a aitrrmH foH\V(u*k;, tdVu 
Hovoml citiitinudros in ihic*ktu»^>s, of a hlaaktsh aoliatr:i 
and oxtrcnufly li^^ht, whitdi in fim couM pf 
a hnv yoars ovorsproafls tlio walls of collars* Ofritar 
fiuigt iidiahlfc out liotisos, alttmk our ftwal, olotlicHi 
ntnnsils of ovory kind; w*alh|»a|M^ns and kioka, of 
which the paste oifem a iiutrimwi which Umy ciat 
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easily asHimilato j linen; and even (»ur tidlct 
notwithstanding tliat they are in daily u-n*. Tli(‘\’ 

may even he found on tint most jHiwerful Hii'niical 
substances, on p*istilles of siilplnir, arsi'tiii-al hkIu 
tions, etc. 

“ The genoralhcdief,” writes Ilnutiu'giw'n', "regards 
fungi as the result of d(‘com[w»Mitiiui. Tliis belief is 
duo to an iini)erfoct aRf{uaiiiiuin«! with the luiiure of 
those phiuts. Fungi are not otdy found mt fnigiaenf s 
of wood arifl decayed vegeUibles, but Holiietime:. e\en 
on har<i pebbles, on glass, »tn wiiulrm'-pfiiies, on the 
lenses of microscopes, nnd on other jtolidiei! surfaeeH, 
Jt imist be supposed that fuii'fi are ahle to i-Kfraet 
tlio elements of nutrition oven in sue!) |w<silions. 
(hp/’im, which have a surprising power of ilevidoj* 
ment, grow on aniputaUsI llmlw. Young hiu l■eeo^’ded 
the appearance of a great nnmlwr of these fungi, still 
in an imperfectly <Iovelo|wd slate, helow the iit»r.t.re<,s 
on which a man was lying whose leg hud Is-en ampu 
tatod. Tho laul was cleaned, and in nine or ten days 
the fjinguH reap[ioar(‘(l in the same abimfian<>t)i as 
boforo. 'J'argionni«Tox<‘tti had previously observed u 
similar growth on the apiutrafciia which Mitr)*tinde»l a 
fmeturod limb In St. (leorge’s Hospital, Modemi." 

Berkeley stahm that immeiliateiy after tluj death 
of any vegetable snlistanee, an army of fungi t»f 
varioUH kimls is at hand to cnmpletit the work of 
deoomiKwition. Tim soft tissiicH aro rapidly rcilucKMi 
to a Morai'Uuid condition by tho combiaed actioit </f 
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pntrofnetion anil of IIk'ho fini*4i. Tlu^ hanlost wood 
yi<‘ldH to tlic Haino not indf^Mi qniakly, yot 

*uueli moru rapidly Mam would In« Mjo f*asf> fVoin tho 
action of iha constiuioids of ilai atiiutsplo-ro alono, 
Wlicn a <>f oiuj of our linost troon i,s attar*k«>d t*y 
fnn^i, it moou })iroiiH*.s fudy a mass of roHni ^\ooll, 
of which Mil' woitdy iisMu* Iuh hccii iravors***! aufl 
<li^Htroycd }>y the luycoliuiii. If the snnu'. Iojlj were 
merely nulycctod to Mat action of tlu^ wcnMicr, it 
might endure for half a ciaitury hidori» hcconuiig 
cuunplotoly rotten, 

AkrtdiuH (IcHtmem (or ,;V. htcrpinoti^) aittwfk^ 
hoaniHand the oth(?r pioc.eN <if wot^d tiMcd in huilding, 
an<l rapidly dentroys tlu*m. TIm^ adiniiih.tratorN of the 
(Jaual du Midi, Toulouse, were compelled to rephwo 
th(» (ak piles which prott^ct the siiles of thi* eiuud 
it traversf^s Mat town, on account f>r the ra\'a'o->^ of 
JMmftiluvi (jfijtf ntf It one of the hi;.flotr «irdtav of 
fungi ill its early form. At the eml of tie* Irngji 
century, lh(^ Name fungus dcHtroyed» in tl*e coiirr^** of 
two or throe y<uii^» the iVa^/royuu/, a 
VUMWld, 

In ca*<lcr to stop the di^viflopimmt of these fungi in 
wood UMisl for huihlitig, and cs|N*einlly in wm4 in** 
temicd for Nhijehuihling, it is expedient^ im an 
Urn trees arc felhsl, to »teep them jn a 
aritiscptlo Nolntioni~aH» for in pi 

isoppor. , ' ' , , 

An experiment inmla by r 
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botanist in Municb, (bmcmstmtos tbo 5i«*t!MU of mirm- 
scopic fungi on organic HulKstancos, t*xclusiv*f of any 
previous deterioration. 

enclosed,” liti says, "several loaviN in a liti c*nse. 
which was carefully but not lji*rrn»'ti(‘aliy cl#H<*d 
When the case was ojhuumI at flu* t*n<l of eigliteen 
numtlis, tine loaves Wf*re r(‘rhu*f*<l to a Hiual! muss, 
consisting almost (‘iitirely of fllatuenfs c^f laonM, in 
which I could detect no trace of tie* subHlaiici^ id 
bimd. This nuiss was soft and mold, like a tnud pie. 
It emitttMl a strong odour of trimetbylimiii : no fmee 
of starch remaimsl One hundred port 4 in weight, 
of the <u"iginal Imwl were, transformed into sixty dour 
parts in tludr moist state, nml seven! eim parts after 
rlesiecatlou in tlie oprn itir. The 
starch had bi*en cmeanned in order 
to ffwm carbonie acid and water.” 

Badhain sums up in a few^ 
wmrds the deNtnictive effeets ot 
iiucrnscopic fungi, "jl/oeoc yoa- 
oedo” he writer, ‘*<ievourK ruir pre-* 
servcH; ifoceedo turns 

our bmnl mouldy; d/o/f'ahe is 
nourished at the expense of our 
fruits; Mimnr //rr^ioWoa destroys 
the herbaria of Isdanists; and 
(Jhattmi cAo rht I mti (Adi mu 
ajpm*a) dcvolops itself on {wiper, on the insides of 
mi on tlicir biuding* when they cornu in contact with 
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a damp wall (Fi;^^ If)). Wlimi <*r turn 

sour, it is tint work of a 


Vn. Parasitic Frxci of Tnhkcth, ukoarui:!) as 
Alliks f»F Max. 



hr, 'vH » 

ti'i h'i j<* 
«it o,nuo* ot * 


Many mifuvjscopio fmijLji afhick l^oih liviuj: 

and d(rad. Wi^ have, all Mo<*n tlu^ hodi(‘s 
of IlicH still Hti(‘lciii ;4 to tlm window- 
paiHJ or curtain, ami .surrounded ly a 
Hpocit‘H of aurifoifs formotl hy the ;j;rowth 
of a fun^UH, PmrUtUlUim 
or Himiotimcs whowrvr or 

kifipvahytiUt of tluj family of Oospores 

ao, ^ 21 , 22 ), 

t/fov/ov'ps atfaeks rertain cntorpillars of the 
i\mHH and when thoy sro hiiriisl in the 

sand hidnro their inrlamorphoNis inlo (*hrys«lideio and 
killM them hy the <leveIopiiieiit of its myoelimfi in 
tludr tlasite. Tlnt.se eaterpillarM may often Ifo found. 
h<win;( on their hacks a ftin^UM hm^u*r than tlaun*^ 
selves (Kio. 2dj. 


Bplurrki a famisite to 

the (*ater|ullar found on pine-trei^n, represetita imo of 
the hw funjjfi which may ha rei^wd*?d m 
man, since it dest,roys inuUiimles of ttum 
pillars, and thus nentiiilirii's tha ravages hy 

their dov<uirIn|.f the younj^ sluads ntnl pine IMmillw 
In the Antilles there is a wasp c^lcd the vs^geUWe 
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wasp, Iwcause it is attac*kn»l its lifftiinc liy 

a fungus ivliicli it carrit's alimit fi»r .soiiitt jukI 
which finally causi's its <lt*atli : this is T'u'i'nhUi 
uphfntcrphala (Tulasiu*'). Tiuirkt, nitliUnjxiit, fiinitli*-r 



I- Iff. 511,— Two 

UifiUii ivit It (KrtMl iy 



i- Ip. M2, t 

0MrN»itiNl» ii by Afitbt i Mh * b 
lUfiKUlftMh, 


K|M'ci(jH of thti mma gonns, hiw Ismuj ohwirvtNl on tli«s 
hack of u hutfcorlly, which wim u|win a leaf m 

if alive, and which was probably killed by tlnf 
dcveloi)mcnt of the funj^a 

Those and other facts, not to K|s*ak of th« 
MUMicardmo of silkwonns, to which wo stiall ndttm, 
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have given rise to a siinnisi* that if we eeuM flisefiver 
the paranitic fungus of tlui pliyll(»x«*ra, \vt* uiiuht 
transform it into a powerful nuxili/iry of ngriroihuro, 
since by its aul the luuusitie insect wliieh 
now ravages our viiiiyunls might he 
destroyed, 

From this point of vittw (lierrl fg 

has ohH(U'Ve<l sijveral of tlnw parasites jj 

of iasejctn, which he chIIh Entotufh ji 

pht/foreui, fnuu tluj name of their prin- JB 

cipal genus, Entmi<^j>hthom, Such is 
E, TbiLom^ which attacks grasshop- |||l 

pel's and the diptera of the genus 
(ikuxmimtftH, enveloping thmu in a tliiek 
feltwork fonmtd by the wintm* spores, 'm 

> .ti. I im.il'li (- .iTK ) 

ami MjMtcdily killin.t' ilifiii. in Mm 
Hitnio nuuitmr ImtrUt. pi'lt't nn'iii affackf- uei •. 

<tpftu'ii», an insnnt wliicli is nl’ti-ti iiijnriiui^ In niir 
kitolmii jfarili'iis. 

it iia» iHtcn askod whnMmr /vtitoiitit/ihffitn'ri /V-*#/* 
e/tanJ, Mm «f tim not alwj jn-ny 

njHin Mm pliylluxfm, Inif. tin* ox|«-riiimittr^ $nmh in 
tliin Mil'nctioii liavn nnt liiMmHo «n Num'MHt’iil im 
1.0 allow tiN 1.0 lioiinfc on Miia iimaiH of iivoriing th^ 
«<*otir«(«. With tIm >*ann* tjhjtmt, ifaj^on ha?i an| 0 E«iii«tl 
tlm Hxr* of Imof'yoaflt, a'lutilj wmniM to havo a 
Mvt> fiiJiet on inwjj'th, iw it im in 
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VIIL Muscardine, the Disease op Si i.k worms. 

Miiscardino, wliicli is (aiu.Hiid iiy a initi funj'U'*, 
Boti-yiin htmUma, must; n<)t bn coiifoiindfil wltli tdhni* 
diaeasos which attack tins HniiW(»rTii, sm-h, for iiistanri-, 
as pehrin, which, aw Pashnir iissortH, is rau'^cd i>y a 
bacterium, or, strictly siioakin<f, a inicrobf, ami, ai'fonl- 
ing to the recent re.searches of ISalbiiini, by iVo'c- 
s'permut. Wo shall jn'ost'ntly revert to this ilisease, 

Jiotnjlin hamUiiM is a true iiioulil, belouy;ing to 
the group of Oomycoles, and allied b> the jtotato' 
fungus, JWonoKjumi. It is propngaieil by spores, 
which, when falling on a silliwonn, genuiiuite and 
ponctrato its body. A niywlium is Iheti developed, 
which may take pos-scssion of the whole caterpillar 
without appearing externally. 'I’hu germiiuithm is 
rapid in proji(»rtion to the age of tlie silk worm, 

When death has laum caused by tbu dtsvelop. 
mont of tho mycelium, hyplwu ajtpear through the 
aniniars skin; these soon l»ear white, chalky sjatri's, 
which arc readily detached and float in tho air in iiii ■ 
palpable dust like smoko. The sUkwonits on which 
tho dust falls do not appenr to lai diseasjsl, amt eat 
with avidity, but they <lio suddenly. It takes from 
70 to ItO hours to dovehjp tlw spftrf'H and spmmt 
the contagion. It is difticnlt to fre»» tho bmuting- 
houses from all tho silkwonns which die in this 
roannor; those winch die after having orawlsd «p 
to tho hoathor to preiiaro for their transformaUuii 
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into cliryBalirlos aro rmly ilin»vvn away wlu^n ilay ar/* 
found on nanovin;:^ chk’oous, 'J’Iu* oloiitls f)f dust 
disporaed by tho silkwonuM ]toriM*tuaio ilu* p 

in tLe Ijoat-ordororl facdorifs, \Vlif*n tla* lu*atlu*r is 
thrown out of window, and fh(‘, roonis nn» swf^jifc to 
rirl of tha dust, tin; Kjion^s iloat in thu air and 
are diKpf‘r,s(‘d by tho wind. 

I )atnp favours Lbo di*vido]unoni of tbo ftnt;xus, aial 
the introduction r)f licaltliy silkwonuH into an infoctt*d 
broe<linf^^-bouso will not (‘xtirpaio Ujo disoasfs In r*rdor 
to attain tins object, it is in‘c.<,*ssary to yr t rid of all 
tbo dead Hilkw(u*iuH beforo tho dovolopmcnt <^f iht) 
HporcH, and to destroy tlielr bodif‘s by bnndii*^ tfaun 
with the heatluT, or with (|ui(ddiim*. Tlie breedin^^^ 
houHfjH sbonld tlu^n be completely euipfied, and the 
conipaiiiuents shotild be purified and <li/iideefed in 
the fwdinary way by furni»jrfit!on with sulphur, nmi 
washed wifli chlorine wuiiT, htdbro fn^sh silk worms are 
placeil in them. 

IX, PAnAsrrm Kokof of run Skin* and 

AlKMIUtANK OF MkH AND AkIMAU, 

The skin-diH<‘ases (»f man ami ludmiils which tice 
wwmed ti fim are catiseij by the presrun^e of {mrasHb 
***^S*h the H<di i« prodiieetl by tlm 

animals Imlon^duff to the group 4«nH Thi^jii* 
liwases aro remhwisl eminently eontagbijfn ly tha 
listicm illation of tJn? spori)i» of thaso which will 
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germinato \vliorcvor thocontUtiotiHof lu‘nl iiiul nuti^tnrt^ 
arc favotiral>le, cv(in on a lu^alUiy skin, <»r it in 

only irritatoJ by a simiJo WTat<*li. 

liituji^^OTYii, Ai*h()vh>th tin* fintgns 

winch pnxlncos this diHoasc on the jiart^ (»r tin* 
skill c<)vcrc<l by hair, Ijt^longs in the sainr lainily an 
oidiuiu. Its luycfdmm pnxhux^s hypha*, bi^aibig 
chaplets (?f Hpor(*H, as in ih<* but liter** is 

no true sporangium. 



<»t r, iwyM liuta. 


Thc'.yftro foimd in ainmdanfMi in NfMiti-i i»f nii}(w»ri», 
fttnidHt tho Hulphitr-coloiiml hnlmtimcn wlinih 
tliom. If a tiiorftul yf tliiH Kulwliinfi' ik dix-wilvwl in 
wntHdiiia, iln! fungua ia dotnchfcl, And may lt«> idt«<*rvi,id 
tlift »iif)if)Hcopo, OHptJcially if enw) lin« idwin tnk«'n 
to Atttin it brown by an a<i««ou» wdution uf iorlitn^ 
(Fifr 24). 
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Tho myci'liiiin consistH of olongatofl, ('ylindrimi 
juiiculati(>n.s, ■u’huiJi finil way aiiiuijg a^lls of 
the- opidermiH, (i.sp<*cially in tlio vicinity of the eslges 
of the patch, and may p(‘notrate d(*opIy int(# tlo' d*-rmis 
So). Som(‘. of ih4‘ Kliorier lilamentH hM-minatc in 



,‘V, 3 ft. Tmm '^111* « -'v ■* •’* ' ft. * 

h, ^u|»^rUi*(nl i^yir o* (ti'finliM !*>•'« ♦**“ 0#^^ m < 

;liti{»]iitH i»r HporcN, whU'h ai'i* HUiif! 05 t#ivnly 
roHi fchc Htfiii; tlit^ «r« tlwwfonj fowwl (iRtluiltiHl It) 
nuuiltum in i.h(} initkt of tlio opifiormio ooltin. 
I'ho (suntfo of thu j[ftttch in oocupioU t>y Qn« or litotti iitiil 
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infcetwl hairs, surrounded hy sjMirns; hut., whih* tin* 
conti'C is in jj^rocess of healin'^, Mu* i’ini;,niH extciul'i fco 
the pcriiduiiy and confciuuc‘S to sprt'ud. The rnist*d 
surface of the j'atfdi is formed hy this jsiriiNitic growth, 
which forms a circular oxcreseiMico, iiUvays iniTofisinir 
in size, while raisiiiff and tliicki*nin;jf the <>|iiileriai->. 
The parts aHbctciI hy the mycelium are chanicterizi’d 
hy a slight suppuration thr<ai;fhout tlie patch; the 
indiuati'fl tissue is {ifrudually aihsorhed, l<‘aviM;4 deep 
scars which juirsist after a cure luis lieeti cdected. 

The mycelium is found on infected hairs hctween 
the coats of their Imlhotis roots, while the tmmcroiis 
spores aro only found hctween the epidcmii«t layers of 
the hair. 

Tliisfun^pis may ho inoculated in all parts of the 
skin, hut its favourite site Is the henfl, where it pro- 
duces the dist'aso lonj^ known as riiif^woriu, or /u /•»/«. 

It has heun already said that fiin^i prey upon itmdi 
other. Thus J nkurion has for a parasiU* I'lifrlumjart, 
a minuto funj;ii8 of a risldish-hrown cokair, whicli is 
t>fton developed on the whitish ojiid(*rmic Hcales which 
cover the mycelium on fresh spots of rinj(Wori», Tim 
same parasite has also been olistirved on VUjjrUth’m, 

Trich(yphyto7i ionaumtiH , — This fiin^fUM, allied Ui 
the procedinfT, snhsists likttwlso on skin covt;r<id witli 
hair, and prttducos tinea tonmt.tdm. 

It is formed of a mycelium with two sortii of 
hyphfo, seme simply nutritive, othors with short 
articulations, separating lulu chaplets of rounded 
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Kpnrcs, wliicli aro eoiiiiiuially 2rt . Th** 



*^l\u Ttii'hojm}ftuu > *in Mf <» mJ niMi 'i,<'' 

lin'Iji’M' rr, ni«(|i'n in,u* Hum uiili «iii» »u>»‘lmut «u»‘^ !< 
iirM>'UlAlt«in)« I ' MHi iltMiii 


iiyccliuiii iM (tRi'H raiiir('M‘il, and {ii'ni’tmii'M witliiii t.Iw 
fl»i<lcr«iiic wIIn, t'Kitctdally at 


ilit« ItaHn of till! Iiairx. 

It irt prolialily tfiat tin* 
ijinisitic whidli afli'ets 

li« iwanl, ajiil ciiriiittatt! 
iiiriK'H, two otlior fikin>ilisi.'HMi)H, 
iin oiiiy variotioM of tli»» {■umim* 
lixousi*. In faot, tioriill iitid 



I- W V ‘ «lu| *<f 


tanvii!!' Itavo astu-rUitiod tliat if In ili« 

urtt'd in fclm glatiroiw ddii of « H will iirodn^m 
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horpoa; and that panwitio h(H‘p('.s iimy also fxi pn*- 
(luccd on the back of tho hand by the ti’finsl'cifiu'r 
of tho fiingns from a patch of Tlavn 

The fungus may bo transiuittod to dog,-\ and 
horsoH, who thus become agents c»r Ihe eoniagitm. A 
tVesh study of tho disnaso has been ri'cently nmdo by 
an ifinglishman, Dr. Ttiin, and lie nlso regards it, u’ 
identical with herpess, or Timi riiriinitn. 

According to thi.s td>s<!rv((v, the eotitagiun is not 
tranKinitted by floating .spores, lad onl_v liy direei, 
contact, atid espt'cially by the exehango <»l‘ hats and 
caps so common among Hehool sdiildreii. 

Kxporimonts in artificial c.nlftire in milk, carrof 
juice, or atpwous humour .show tha,f the fnng'u.i canintl 
he developed when tho hair on whicli tli" 'poren «ri 
is entirely submerged; a certain dign'e of moidiuo i.s, 
however, nc(ie,ssary, which is pndsildy nmre fnipiently 
found on children’s heads. In adults, iite bttl)«ou.» i-tKit 
of the hair is dryesr belweeti the fidlicle and fhe* .dtin. 
n>o i>arasite may Ik) deslroywl by <>inising an itdlaim 
matlon of the part afllsdcd, sinci? tlie .y'riiiiH 4<irti.si)>ii 
thus produced places tho hair in the sauiit conditions 
as in tho cuUuro-Ii(piid.s in which it is ttoinpletely 
covered, and not Aoating. 

PUjjnma wmieohr is prmluccti by a fungus 
n.'Hoiabling tho foregoing, Uawtsl fnt-Jm'. 

It grows between tho ctdls of the «tpidcrmis, mvI 
ofFocts tholr rapid di*geni*mtion. Tim liyphio havi* 
long arttoulations, Intennixed with mtml siwins. iitA. 
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arranged in a cliaiilct, but gnmiicil iu'low tlio 
epidermis (Fig. Tin* ili'Vi'lojitmmt. i.H very hIovv, 



KIw- furfur i #*, ^ r, 

4inh um»ttt«U»*kHMn4, 

lj*tt ifin ftict of its ittocitlaUoti oan Ik> (!!HtM.bt{Dli(xi, »nd 
arbiticial cnliun's may im rrtadif, 

in Urn tvo |)ami«iUu( of wltkU m liftvo mw to uptiak 
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WO cannot recognize any mycelium, ami in this par- 
ticular they art^ allietl with tin* ferim^nts, of whieh we 
sliall Hpeak presently. Tin* fungus onnsisN nf rouml 
cells, wliieh nuilti2>ly hy brnMiiig. Ih* Lauessan 
r<‘gards them as a separate* grnup, (<» which he gives 
the name of IJirtuhytomv, wluh* he <lesigmHes ttu»se 
I)aiusit(*s of shin cov<sssl w'itli Imir which possess a 
<listinct myc(*Iinm under tin* name (ff T/ij^hnphuta, 

The Prlttife - J\‘hide is another <!isense of 



Fl|i| yn.*-.lviiwlf* funguis i fpliU uni** ** Uw, runr^ij^' il ith ^i»tp » i ^ ftfH f|< m» 

tlif! rtkin covfvt'il wifcli hair, wlihdi Iw witHi'iI l»y ii/hvy/* 
»/ior<//ii AiK/oiiini, liiul whic.li ilm diarar'ti'rH 

jnHt iu(li((atwl. It wotthi, tlwrcffd'c, In- an i‘m*r t« 
Kivfs it tluj Ham<‘- gr!rw*rio iMUiio an Minw/nn'iut 
u fiinguH of which tln' ntycrliitin w wdi ti<>Vf’lr»{M‘ii, 
if till! recent nswarchcH <if ilmwitK, t<i whicii wc 
Hliall j)r(tH(!ntIy return, ** <li«l not ti'ijd to Siow tlint 
MicrosiiorcH) and Trichojiljyta ai-c ttnly foniw of the 
name paraHitt* in diffentnt phahoH, 

♦ !S»>c fluiptrii on 1‘olymriritliixm of MIowIm*. 



r.ui.^Kirro Fuxdi and moi'mis, 


r >0 


Tlu> pi'kdi' fmi^rns dt-vt-Iuiis in tlu- HiipiTfiohil 
liin-iiy layer i»f llic l•J»i^l4>l•IlliH, mi tin* Niirfiun! of tin* 
i-liidormic <*c11h, and in lln-ir inter-tici'S. It dots not 
jHniotrati! the huir-lollirli's, anil is only oi'C’asi>tnailv 
fonncl on tlic hairs, in whiidi (ia,-.!' it is iiistfiioil to tho 
detached pidlurles of tJie eidderniis, not to tlie inferior 
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of till) hail* (Kijia 20, KOji. It is «'oiii|iowd I'titimiy of 
the round K|siri*H alri'iidy d*‘s<u'ihi*«l, wltliili itri(i ns 
fu-odnaad hy huddin*; (Via. 31). 

Tlif, Fnnf/m J'iffff'imm «*r//n 7 /a in 

wry himilw to tho fon-going, atwi tm ItkttWlue mmUvi 
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ea 


in till' horny layor of tlu- mi vvliicli it 

jmifluci's a ronghncsM in tin' form of ilii^ty jii'lliclis. 
It pm'tiutoH tho liftir-follicli's, hut not ilocply, ami 
only in tlu' vicinity of the iioint at which they cmciyc, 
Till' Hpori’H of which it I'nlircly con.'tistH arc ^^cncraDy 
of an I'loiiyatcil form, ami oirinnls, 

Aeooriliny to Mallnsscz, this fini;^!.*! is I lie priio 
cipal cause of Hfoprviif; that is, the shcihlin'!; of 
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hair, and the IuiUIiichh whicii cvctitually cnsni'M jVmn 
it. It acts in two ways: (I) its prcHcnri) imd multi- 
plication disinti'gmto the opitholial layi'ra; (i) the 
foreign, hmly irritatos th« opidnnnis, prothiclng oxens- 
Hivo activity in the ovohitlon of cclKattd conw*ijtH'ntly 
tho inc<s.sHnnt dcHiiuainatlon which in the niost ap))aroiit 
H3anptt}iu of tho diHcacc. Tho «h(«iding of hair is ciuidly 
dnci to obatmetion in that imrtion of the Imir-foUh'lK 
which imdorlios tlio yriilco of tlio sultaccmw giaa<hi,#iul 
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tills cliecks tlic n‘{3ni]ar dc.volopiiu'nt of tlio liair. T!u^ 
conse(iuoiit irritation of tho fullirlo protluof's liypt.-r- 
trophy^ this htads to tho slirhikhi;L,^ and linally 
the ol>literati<ai of tlio follirli^ and after langui^Itin;^^ 
for a wlul(^, the hair falls oil\ 

Tlivunh (Oh/?//i/f -This fiiuj^nis p^ncrally 

appears on tlu^ inucoiiH mcnihrane of tins months id’ 
infa-nts, especially of tlirwi hrouj^ht n]» hy hand* mid 
which have bijcn fWsciiHtoincd to tint ti.se of a Mudir^r. 
The saliva becomes aei<h and the white* spots which 
constitute tlinisli lU) appf^ar in fwtveral placcs; 
especially on the tongue, the giniis, and tlm soft 
palate. 

This plant is composed of two elements: of hyplne, 
and of spores, wliich atllun’i^ closely to the mmssm 
riiendu'arii^ The spores h(*coiue elmigafed and eon- 
v(‘rted into hypliie, which are- sigmeideij and nullified 
as Undr l(*ng(h increases; nod they produce spores by 
ilivdsion of the terminal cell, or mimetiine^i by ondo* 
genous formation within the hyjihm. 

Thrush someUines occurs in ndiilts in mdain 
diHcascH, such as phthisis and typhoid fever, cspechdly 
when the patrient intis little and is unperfectly 
nourisluMl, whi<di is fn^nuently ilus mmt in serUfiis or 
protracti^il illrmsa 

It is easy to destroy tliriHli by washing ifii^ 
mouth with Vicliy wafer, or a solution of bloiu'Wimti# 

* Otiihm Ihthhij Mtftrhttrmifmiit 

mifrtHknm, (Irswllie. (Hi 0 charkr 0a l%iMnrpbfiUi ef 
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of Hoda, “vvbieli n0Titra]i?5OH tlia afidiiy of tlio ^uliva, 
It is, alan'e all, osKoniial that llio frinliiijf hottli*, all 
the utansilH employed for th(» infant, and llio infaiu 
itusalf, Hhoiild bo kopt porfootly rdoan ; and* unforhi 
natoly, tbia condition is irwi rnroly fnlfilb-d, o^^proiallv 



vifi. Mium.iit ' if njn-h U iU U^ i msjt 

llnwi t 0, lihttiaH (>!• mh r»l/, K ^ 


among tho working clanHOH in townn, and distnotn in 
whicli cUildron aro unualJy put out to nurao. Tin* 
fooding-bottlo in uho in Huch canoH ganondly luuidln 
$0 Kour an to bo offonnivo to ovory rum who l«i 
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accwstomcJ to it, aiul andor tliOHo Ronditions t.liruhh 
is almost curtainly devulopud, so that fosv diiidron 
escape an attack. It is not yein.-nilly daii^'crniis, yet 
it may, in some cases, oonijtroniiso tlu! healtli, and 
even cause the death of the. child. In ailditien to care 
a))out c]eanline.s.s, a little jiinch of hicarhonato <tf soda 
may he ]iut in the fe<fding-l)otUe; this prevents Uk- 
milk from turning «our. 

OiiycfumificoNiH . — This disease, ■vvliich attacks the 
nails of men and the h<»ofs of uni-unoidates (the horse, 
the ass, and the mule), is caused hy a jtarasitiie fimj^ns 
of the genus Aehorion (A. kf‘r<i.fni>hitijO}*), In mjui it 
iH tornie<l ilvif co.'/'o's, and it is a fungus winch is remllH' 
transforred from man to the animids with which he 
has to do, Ju.st os de/oovo// Si'hii nli'iii'i'i of ringworm 
pa-sses from man to tlie .log, eat, rat, horsi>, os, and 
perhaps even to rahhits and gallinaeise. 

■In uni-ungidates the fungus is introduce.] into the 
eracke.l and sufierfieial layer of tlio hoof through its. 
fissimw. Ill order destroy it, this esternal laver 
must he removed, and for greater security ati anti* 
parasitic treatment should Im> used. 

This remedy cannot heapplioil {<> the human snhjcct 
without causing considerahle pain ; yet the nail may 
pared and scrnjied, and tJm aHti.|«»riwiti« mnaily 
can then Im applied. 

Viviv.yitlm awl diw 

custom of going to a common lairlwr Hvd «m> hair 
drosM'cl or cut must oonduco in tho diiMatnlnaiion uf 
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Uio funffi which attack tho.sc parts of tht* skin clothcii 
with hair; tho lini.sh, tin! coioh, or razor wiiirh jta.ssi-. 
8Ucccw.si\’oly and on the .saiin* day over hundreds (,f 
heads or chins mast nt'(!e.s,snrily. if only in one cnsi* 
out of ten, carry tho Hj>wrc-s of tliu piiia'ilo from one 
perann to anotlior. 

Tlio ])araMitie disoases of (he hair are estreiiiein 
persi-stent, and jns'caiitions tu <o (ileanline-s will not 
always olfect a cure. The mi.stures sidd hy hair 
droHHcrs under the name of mpillaiy water, hdion to 
erndiento scurf, etc., should all 1 h( rejected, KxjMjrience 
shews that w<‘ttin‘5 the luwl often favours the 
devolopiiKint of tho fuiijfn.s, whi(;l» miiy, indi>eil, remain 
stfithumry for two or thnsi day,s, lait which hmtnicH 
more vijrerouH tw soon ns the htawl is dry. Siitpiiiir 
and its com(*ouu<ls ar«i HtnHic.ssful in am-h rani's, as 
well im in tho pantsitio di«»as(,>s of jdants. If, would 
lat host to apply this remedy In tint form of a dry, 
impa1)m.hlo {amder, as in tlm afiplicuitiim of sulphur 
to tlio vino, imb this cannot )m dono W'itlamt in< 
conveniences to wliich tho {airsons affecled do not 
readily Buhmit ; it might, however, Ims tried hy thorn* 
whose liair ia naittmlly gtmsy. In other easea, and 
osjHjcially in tlmao in which tho hair is dry, as it 
usually is in |>orDoiui afTcctod l»y Pityrms/s' mpUlu, 
pomades must ho usud, although it has is/en assitrUsI, 
hut not proved, that fatty snbstancrjs afford nourish* 
mont to tho fungus. 

Eowuvur this may ho, the itomade fur whi(^ we 
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subjoin tho recipe has been very successful in pity- 
riasis, and in all tho infantihs forms of rinjfwonii, 
including that •wliieli occurs in teething, and wliich 
may be safely treated, in spite of prejudices to tho 
contrary : 

Turbith mineral (tri-niiTourir* 1 fo 2 jsjt/*, 

Bon/4oiniiiCi(l JiirU ... ... ... l.^> lirrH. 

Thin ponmilo m l(‘.mon-col<)ur‘(‘d ; it will finsjuiH’* a 
fl[‘sli-C()lour hy the atldition of a fow dropH of rud 
litoitiH, and may bo wconted to Urn tnnto of tho p(*rw*n 
who iR to inako uho of it. In ordinary of 

pityriamR, it need only ho applied ovory eight or 
fifteen days. It i« indinpcmRiiJiIc to wanh th(» eonilm 
and bntshoH in a Hohiihm of polaHli or mnmonia, lo4 
tho Ixiuefit of tho troaiment .shouM ho lost by n> 
infection. In th(^ casi* <»f trim ringworm, oNpooially in 
adultn, a mmdi imiro (‘ntTgolm freatmont Is nccosMuy, 
for which jjucdical advice is rcij[uire(i 


r 
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oiiAi’THii ir, 

FKKMKNTS AND AUTirKilAf- KUllMt'.NTATDlNH. 

1. WllAT IS FniMlUXTATInN t 

OliKMiMTS duHno fi!nni‘ii<nlir»n in thcw wurdf!: '■ Fcr- 
nu'nfcation fcukw plmw wln-nsviT nn nitniuttinil 

chaii^rfHof coniimhUiuii, under flie inlhnwe 
of a nitrone, nous orKatilc Hijlwt,!incii cfilled a 
which acts in Kiimll (luantilies mid yield'i nntiliinjj to 
tho fenninitod HultHttuico” (A. <iauti<‘i’j. 

This niti“<t;(^enuiiH Hulwtatico, ieriiied a fenm-nl. is 
regardiid )>y ujituraliHts as an or;{flni»>d liviiij^ lieiiij;, 
oitlicr aniuial or vcf^ctahlo. 'J'hm wim ileinoHMtmtetl 
ity tlio nsHcarchos of (/'airnant de> Jja Tour, of 'I’lirjiin, 
of JJumaH, and more recently hy the hplendnl iiehieve* 
iiientH of PoHteur. It is now |iroved that the artUlciitl 
fennentation wlilch takoa jilacii in the irianufitctttru 
of wine, boor, etc., i» iiroducod by bMtall inieroiasoiiie 
plaiitH, called fonnentH or yonai 

The chemical tranttfumiation roHuitinK from them 
might ho obtmnod without tiu) mtomutioa of ycoat^ 
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properly so call(*<l, eithrr by nu*aiiH »>f a 
Hul)Htanco of aniinul nri^^iii <>r by otlnT 

choinicMil and pli}vieal prfKN*s.-(';s wlii(*h wo rtbuH 
presenUy nipnlioii. Dut it may bi* fpn^.stiumMl \vbi*tlior 
the nitro^^enous Hubhtaneo nf animal tn'i-^in, whiefi 
fhirthelot consi<lors to bi* fli*ad, dfM*s not a 

livin;^ f(?niumL This is not admitted to bo Uio enso 
by l)(Vhamp, wIkkso ihc.ory vvdil Im* ;^iv«‘n fnrlbor on. 

Whenever fernicntaiiou in prridueod solely by the 
influeneo of physieal and eliemhud the notion 

is very slow, but it is, on the (»ther hand, very rapid 
when idfected by living fennenls or yea^*b «nd it is 
also much less costly^ h<i that the latfct*r mode 
fermentation is prelern'd hy manuraetureiu Yeast is, 
thenToro, the triu» ag(‘nt in artilieial lernotntutions. 

All th<^ sticelininnt' rKjuirls whieh eiuilain gluetjsi! or 
gra|)e sugnr, or a sugar wliii'h van be tratisfiirmed into 
glu(»os{!, and also all nitr<igi»n/iUH subJanee.s, pboi 
phabjH, ami nnimotdaf'al .salts, pi'iMliiet^ alejJiol at a 
temperature va,rylug between ami KK) ^ itutl the 
yeast l)eer (of whieh the spores are earried throngfi 
the air) appears ami is d(*veIoped at tho satm^ iiitMi; 
this oeenrs in tlu! juice <*f grapes, beetroot^ stigar** 
cane, etc, 1*he aleoholic llipibls Ums prmhiml are 
th<jn Hubje.ct*sl to distiHatimi in c»rd<u* to estim^t the 
alcoliol The transformatioii at alcohol into vinegar 
is prodticed by anotlier ferment. 

Fermentations are very eommon in natnm Tim 
triamff^nnatiou t»f sugar into lactk, bntyrio^ ami 
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eaproio aei<ls, nrulor tlu? influonro of ni(ni>rfnoiis 
subatances and of tlio air; tlio (.‘hanifi* into 
of ffninH, of Ktai’cli.of dcxtriinvof MiciuMi'.and immnitc; 
the tranafonnatidn of mibstfinfi's into fiicli otlior 
undftr tlio iidltn-nco of living agfiitn, iir of Ihoan 
bolonging to a living <»rganiKiii; tlm t.rfiii-fortiMition 
of Hiicli glncoaidi'H as po|inlin, wilicin, tannin, oto,, 
into sugar, or into iirutral or acid stibstanccH ; — all 
tbuso plicnonicna arcs fornicntatioiiH (A. (iauticr). 

Wo may oven go fiirtlior. Tlio germination of 
seeds anil tlio ripening of fruit are awmipaniod by 
pliononicna of tlio saiiio firder. In animals, gastric, 
pancreatic, and intestinal digestion, together with otlmr 
changes connected with nutrition and nssiniilatiott 
which take place in the Idnod and in ail the organs, 
may Iks considorod as true fermontatiotis. In this cns« 
the cells of our tissues and the Iilood-corpitseles play 
the part of yeast in offt'cting aleoholic fernumtations. 

Finally, the miasinatic, viriilnnt, and tsmtagious 
diseases, which wo shall study in anothci' chapter, 
are also causoil by changf.is in the Idissl and in thn 
other fluids uf the systiitn, and should Isi crmsidcml 
as fermentations, produced hy minute microscopic 
organisms analogous to ferments, and winch aro, os 
wo shall presently show, bacteria or microbcH, sitletiy 
Ho-etillod, Tlio putrefaction of doml Isslies is also 
a fermentation. 

Wo shall, in this place, only consider the fention* 
tationa which are used in inanufacturuii. 
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Illnfory . — Tim knf»wli!i !},'<; of tlic iinturi* of 

ftjrmuiiiiitioii is of comjiarativcly nmoiit dati-. Tin- 
ancients, iiidi'fd, sctiin to liavc liail an idi a, liowovor 
vague, of this iiluMifaiwnon, which was in their caso 
connected with the erroneous theory of s|ion<aneou.s 
generation. We all kiuivv the Inhle of the hees, hom 
from thi! putrefying body of a slain hull, which foniis 
one of the chief episodes of the Metatuorphoses of 
Ovid, and of the fourth book of Virgil’s fJooi^ics. 
Aristotle says that, by nufans of heat, («»c living being 
may have its birth in the cornipticm of anotht;r. , , . 
Fermentation is, in fiu:t, always accompanied Ijy «n 
evolntion of heat. I'he sannt idea was rcvivetl in the 
Middle Ages, and during the Ilenaiasance hy alchemists 
and physichuis. Van ilclmont, who lived early in 
the sovenbsinth century, goes so far as to say, '• It is 
true, that a fertnent is sonietinies so Ixdil and enter' 
prising jis to form a living being. In this way. 
lico, maggots, and l.ugs, our assoeiales in m!.sery, 
have their birth, either within our Iiodie.s or hi oiir 
cxe.remont You need only close up a ve-sset full 
of w'ln‘at with a dirty shirt, and you will s«-c mts 
ungemlered in it, tho stmnge product of tlm «»iull 
jf wheat and of the animal ferment attechoil to tho 
shirt,” 

nesido the,M0 singularly riwh and lam.*!/ fanelful 
wmcrtioim, which show that ininginatiou Wa* allowed 
;n those days to play a iiiitch too hnpra'tiint part 
,n natural science, wo find a tliBoiy of tho formonta* 
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tion in putrefying I)o0ios wliieh would notlii* rijt-etod 
l)y luotluru naturalists and uhciuHt^. 

"After df*atli * . , i.liu forei^^oi ffriuonti^, wliioh are 
always intent on an? Iionie tlirntj^di ilio air 

and intioduci^ (*orrnj>tiou into dea<l inaH«*r . , , nt 
least, tinlcsss the tlesh is erinilfined with nrfain miIi 
stanees, siieli as su;L,oir, lioiaw, (*r salf» If is, tlu*n*fMre, 
these ferin(‘!it.s aUiiekin^^ whah'ver niaifer U d<'pn\*'il 
of wliidi disintejj^i'ate and pie{)ari‘ it to renove n 
new soul (or fresli liho/’ 

Linnaius, ajLjain, says that "aoe-Hain mit!»her (^f 
<liseaHes r(‘sidt frtan anirnafed/mvisihle |mr(ieli‘s, vvhieh 
are <lispersed thr(Ui^di tlie aitv , , ** Uoerhave, in IdOJl, 
distiti^oii.slMMl ilire(^ kinds of fenuentation : aleoholie, 
a({f‘touH, nnd pnirisfaethat. Bnt wtt ninst eoine dovui 
to the hi*‘pnnhit( of this ef*nlitry in orfh»r Ut lind more 
definite ideas res[ieefcinj^ lhe.or;<anienatttre (d fenm*nt< 

In IHin, a chinuist called Astier asserted that 
every kind of j^erni from whieh ferments \mH^vvtl is 
carried hy the air; that this fiuanent, animal 

nature, is alive, and is lumrished at the ex[HsiH«‘ of 
the sugar, and hencri resulis flisinrlmmu) of the 
e({ullihrium between the (‘loments of sugar# 

Hulmeipiently, in 1837> (lagnanl do La Tour rhu 
elarod yeast to ho a colleuUrm of glohnies whteli aro 
inultlplhsl by btidding; ami in the folh)%ving year 
Turpin dtiserilxid the yeast of brrer as a v(tgetabK 
microscopic organism, which be termed TaruJa 
0mw (Fig. ?15)# 
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Chemists were at tir-st iniwillin;f to a<liiiit the 
niportaiit part played hy yeast, in fei'infiifations, and 
n order to explain it, they nssiimeil the exi-^tnn'e 
>f a very obscure jdiy.sieo-eliemiejtl 
dionomeiion, to which the nann; 

A* eatuljfH'tH, or action by presence, 
vas given. iJut in IS W an illn.s- 
rioiiH J[<’rench chemist, Itnmns, 

Icarly explained the physiological 
unction of the living ferment, f>r 
’•east, 

“ Fermentations," ho writes, “ are always [dietm- 
nena of the oamo orde.r as those which chanMfbirixe 
ho regular aecomidishiiK-ut of the nets of aninxti life, 
I’liey take jatswissittn of wmiplex, <irganie wuhstaneeM, 
md unmake them suddenly or hy di'gree,s, restoring 
hem 1.0 tint inorganitt state. Several siH'et‘Shivt> fer 
lutntatittns are. indeed, ofh'H mpiired to produce the 
ot.aI efrect. The. fm'inent appears to he an organized 
sting ; . . . the [>art playeil hy the ferment is played 
)y all animals, and hy all but the green parts of 
)lants. All these Isangs and organs eonsnmei orgfuriic 
ultstjinees, multiply and restore them to the siinpk>i«t 
brms «tf inorganic chemistry," 

Finally, Fasteur's memorable labours, which he 
Htgan to fiiiblish in IHo7, wmllrmeil the new tJioory 
»f femuintation, which no one now tloubtj. Fiwtcur 
itakts that every formcntatiim ha.s its apedtte ferment ; 
n all fennontfttions in which the {in.t»Mme«i of an t»r- 
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ganizcd ferment lias 'been ascertained, tliat ferment is 
neceasary. Tliis min uto beinff producea the t raiisf inna- 
tion which constitiitcs fonuentation by breiitliin^' the 
oxygon of tho substanco tt> be fermented, or by ap- 
propriating for an instant the ’vvlmh? siibstanee, then 
desti’oying it by what may be teriaiid tint secretion 
of the fermented })n)dnets. Thi'e(( things are. necessary 
for tho development of tlio ferment: nitrogen in a 
aoluldc condition, pho.spht)nc jieid, and a hydrornrhon 
«apal)l(i of fiirmentation (such iw givipe sugar). Finally, 
every organiztsi ferment of fi'i’inentalion or putrefac- 
tion is borne about in tlie air, as may be sliuvvn by 
e.xperimentH. 

n, VmCTABLK NaTIHIR OR FwtMK-VTO OK YkAHT. 

Yeast, or fi-nne.nls, are in tlmir (trganization 
closely allied t(j the fungi of wliich we Hp(»k« in tho 
preceding cha[>ter under the iiaiim of iV/rms/so-rm.. 
Many botanists still assign them to the class of ftutgt 
under the name of Succftatvmi/cdi'H ; yet, as they live 
in liquids, or at any rate on damp snhstanees, like the 
Alga), which are species of water- fungi, it is now 
almost agreed to place tluuu in the same eaU’gory as 
tlie latter, which they reseiuldo in their wlntle orgaiii- 
jsation, except in the ahsoncss of chlort»pliyl. This 
last characteristic, tho only one l)y whusli tlioy ajj* 
proximate to fungi, is common Isdli to them imii to 
taicrobos or bacteria, which aro only forincntc of 
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smaller size, ami which arc new also placf!*! in the 
class of Algjt*. Wo shall rotnrn to tliis subject when 
wo como to hfuftoria 

Tho strnctiiro of foniM-nts is very Riirij>lc: each 
plant is I'oiiemlly t!oini»)soil of a Hiii'ile cell, .sjdajriwil, 
el]ii)tical, tn- eyliinlrhial, f(»rineil of a thin cell-wall, eo»i- 
tiiining a granular sulwtamte called jtrotoidusin, wliich 
is th<j osRcntial jiart of tho plank The.se (fells hav(! an 
average dinincter of ten inicro-niillinnitres. They 
grow and hud, and when one <»f them reaclusH a certain 
size, a median constriction occurs; it dividtfs into two 
parts, roHomhling the, mother cell, and these sonio- 
tinios separate, Honn!tinwf.H mnniu united in a group 
or chaplet (Fig. This nnwhj of multiplication 

continues as hmg as the plant remains in a liipiid 
favourahlo to its nutrition. But if its devclojuueiit is 
liindentd, if, for ttxaiaplc, the IhjHid drhfs tip, the jtro- 
topliwun cemtained in wuth cell contracts, and is 
transformed into one or inor(« glohules, which are 
tho spores or ondogtmous n>produ(ttivo organs of tho 
jilant Tboso aporim may remain undevel«*ped for 
a long while, may hecomo perfectly dry, and may 
even bo sul jectod to a very high tiimiHU'uturo, willtuut 
losing tho |K>wor of genni nation when tlu'y aro again 
idaced iu conditions favourable to their devebpnicnk 
They then roprodiuie the plant from wliieli th«y had 
their birth, and are multiplied in tho same inatnter.* , 

• For fiirdier on fonueuts anil fenneiiUtlotui, km 

(SolkutmiibMiifuT’s work on tim Kul?jn!t. 
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ni. WiNR FkUMRNTH; AU’OiroUC FKItMEXTATU^N. 

The commonest of %vht(‘ nt'CinNliiijLC to 

Piist«‘ur, I'f/I fm^dr^is i ;ifi, 97, *98;, 

whidj inusi iif>t bo, crmfcnnulod with Kut/Joj^N 
Cri/pfocornts vini, sitioo th(* laftor has not liin*^ to d^t 



I ii<» ;in 'U tit ( , >\in ' f ui'ur, ,u )<> *>< 

^ 'Mil/ iliutK r 

with /iltioiirtlio fi‘nii«'ritntioM. TIiIm ItTiiionl. i t fnmiil 
«m fcJif! ymiMi, (in<l i.s tliUM infrt flu« fcriiM'iit- 
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ilrv»'Uiiniw*nt of ( < 
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inff-vtttH. TIk-i atliilt ttr« of an olliittic! f«»nii. mid 
aro Hix rni(!ro-inillim<'f,r(*H in louglh, hy (oiir «»r fiv« in 
width. Thoy iuid, and an» ri'iirmlnot'd in tho way 
already indicated, whicli in common to alt fi>rino»tH, 
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Sacch. PasioriffirtfH (R<-f*s) is jn*olal»ly only a 
variety of the f»>rf‘;f()in;:f fFi^. ditihriu;^^ a little 
in the form of tliu* eells, which are eloiijLjaittd, pyrifonn, 
or clul)-shajM*(l 

Lastly, /SVfr/)'. is soiiH^wliat rare. It 

is found in the. when fermi^ntation is 

nearly ovtu’ (Fh.^^ 40). It is so ealliMl heean*^*- the riew 
cells are con;.^loniera,tiMl, instead <»f heinf^ arranged in 
a cha)>let. 

We must now notice, the other fftrinents whieh 
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ans iotiii)!, lilit* tliuMd {fivcri ulfovo, in foriiiMitcd wvrujw, 
and which may iilsit pi'oiliiiH! ilm alcDholic IVniti'iita- 
tion of wiim. Such jn ,S',t,r/i. nni/ntiH ('Ki};, 41), c»f 
whicli tiio (udlw aro much wmiltiT than in tlic forc- 
f^oing, Himto they an* only thm* niici' 0 'millinictt*(‘i<i 
by two and a half niicro»mniinict>t',< 4 , 

Th« apiculati! fonnimt, of which hna itiadn 

a aoiiamtK.! «•'<»»«. umlor tho name of OoriMtsi/tm 
0 pundaUi, ia tho ahiofiolir! forinctii which appcAm to 
!«■. tho moat wi<lcly diilitwiiti iti natupc (!•% 4i), It 
in found on all kinds of fruit, f*Np<*ciaUy Mi»on tHuirica 
and drupcH, as wdl os wpott moat of tho fi-uit-tuuHfai 
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vhwh rn m iirocraa of fonriontntion. Il l,a, lik,.™. 

icon olTOd in ,„.„n ,, 

tho iirsfc t.) ft])poar nml l„i,I i„ fi„. 




riK 

i1h« to the diiimetoriNtic form of iu wll.s, wliich arc 

iko rai).-.s(!<‘,l, or <ij>!n,h>lM at l.otli oxtrrmi- 
wH id ihmr lar^^o axis. 

In tl«, Au'inontcitl m«„t of ru<I wino wo fm,!. 
t(*K(>th<Jr vvith rlliimmlvm, a w>m,.wluit ,Hf. 

W Umn, which i.s porhapa ,mly a variety-, Vf^rA. 

W« iiiuHfc alHo mt-ntioH anollu.r aloolH.Iio fo-rment, 
Hauilt., miiaxhnm, wiius or hem* floworAi. which cstoi- 


/3 / 

4 *^ A'l 

Btituto th<5 white (ti*llic]e ofton «o«« WtthwJ wine 
(tig8. 43, 4-1). I'aHtour iiiw ahowu that, under oerWa 
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circumstancos, vinl can ]>ro(luct^ alcoholic 

fermeiifcation ; tliis ih cattily shown hy adtlinj^ it to a 
Hacehariiie w^lniion, in which it sram |»roducoH ihnnfsnta- 
tion. It ai)p<^«rs on tlie surface of all nlcuholic liquids 
which arc (.‘Xjioscd to the air, wIk'U fiTmontaiion is 
over or nearly over. Its growth is very rapid ; a few 
cells ai^e enou.ifh to cover the surfuco in the course of 
forty-eioht hours with a thin while or yidlow pel- 
licle, which is at first smooth, and tlum wuhikle«l This 
implies, aceordin;:^^ to EnjLj<‘rH entimate, that a sinyhj 
cell has pnidueiMl }l‘),0()0 oth(*rs in this -short time, 

Mcjst of these didenuit fiirms are [U'ohahly only 
different Hln;j;eH (»f development <^f a limited numla^r 
of Hpecif^s, since ftu’ments are as polymorpluc as 
mioroHcopic 

Wo have said that before they are found in the 
must of wine ov fruils, the ferimuitH fuKten in a 
dormant state on Uie epidermis of the fruit, by which 
means they are introdm^ed into tlm lirpiid alsmt t(» ho 
fermented We se-e ht)W‘ the sporfus are trans|w#rted 
through the air until they rest on the <lowi4y surfaco 
of a drupe or berry. Hut it has bf^(m imked what 
bocomoH of this ferment Inttween last years vintage 
and the succec<ling ami in wlmt way H 

passes tlto winfcerp 

According to WansenV resriarches. (tjnmluta^ 
which is, ft»r instance, fouml ti|w>n gfjosel^iries, h 
washed off them by the rain, dispermsd by the wind, 
and falls to the ground with the fmlt, where it 
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remains buricfl thron^^li tho whiter an a dormant 
sixjro, in order to return to the Hame- fruit when it 
has ripened in Kuniincr. It oaii only Iks homo 
throuf{h tho air when the ;^^round is eoinphdidy dried. 

In the same way, tho ferments (if wims aft(T 
bavin}; passed ihrou};h tho h()di<»s of turn and animals, 
pass tlm wiiihir (Oi tlie dnnj^lieap. I’his n^velation 
may net b<t jilisisin}; to drunkards, htit it wiH not 
sur]n*iHe. tloise who an* ae([Uaint(sl with tlm hahiLs of 
orypto^^aruH in {;(‘neral, and of fun};i in particular. 
lin‘r(*ld has found these fernnmis duriu}; the winh'r, 
especially in the (‘xc*n*m(*nfc of luo’hivonms animals, 
mnl im tlai dmij;h(‘fip. 

Tliii mamifaeturo wim* is tfjo well known to 
Tvcpiiro di*seripU(m ; we nersl only remind (mr readers 
that aletdiolic fcrnnudaUrni es.M(‘Utia1Iy eoirdsts in tho 
transformation of f;lueos(‘-, en* »;mpe-smiar, int*» aleoliol 
and carbonic acid. Tin* lathe*, olf in the form 
of produc(»H tilie, ebulliti<»n or (drervereeiice whieh 
characiteriyjcjH fermentation, and to wldelt its name is 
due, Hu};ar or ^ducose is, therefore, the essential 
nutrinumt of all yeast-planlH, and tho indispimsable 
ideimmt of those fennentatiotis, of ciditr, beer, anti at! 
fermented liquorB, as well as of wim^. 

IV. BKKit-YKAHT. 

The yoast of boor, or ffmA mrpMm, wm the 
earliust known and tho most carefully observed of 
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all the fVrniciits, ainl may he re;:(anle<I as the typo of 
the family. Its cm*11s iini reund or oval, from eight 
to nine micr<y-millimetr(*s in their Jongest cliamoter, 
isolated or nnitoMl in pairs (Fig. JJo). 

When these oi‘lls are depositi^d in a sae<‘harine 
liquid, whii'.li Is tlnsu^fore suseejjtihle to IVrmeniation, 
vesicular swellings, lllled with proti^i^lasia at the 
expense of* the mother eell, may lie observed at one 



rif?. *."» - Ytvi4 <tr l»ryr l*j|^ KJ ni 

(, ^ ilKI tlimil 1. lllili 1 1 lit H lit ij|« Vi IKIHIM III. 

<tr two jiarl.H of tin* Hiirfkco ol’ the t’cll ; llifHo MWflliti^'H 
itiwaw;, aciiiiin! (lio of th« moUit'C nml tlmii 
eoiitrnct. nt tlicir lianx i't;, ari.so 

on till) of tlic I'l'll, morw rarely ou its cxlroinitiurt. 
Th« iH!\v w-IIh thus fortnnl wifiu Mcpanitt! frotu tlio 
inothor cell, lUitl tlio itrotojilriMm /4;iv('n up to Itx off- 
Hpriii}' by tint lattrr Ih ir.plat'i’fl hy cm« f»r two tmipiy 
Kpaei's, trniKHl vuvMdm, Whou yojist in not in a 
luiuid Htiscoptililo to furniontation. it citn mtiain for 
ft longor or Hliortcr timu witlioiit ntodllicfttion. If 
abruptly tJeprivoil of nil niitrhtiont, And t>Hpitfiklly of 
Augar, Aud plftcud in a Huinuiuntly uuoiat attncHplntro, 



fiO MIOBOBES, FERMENTS, AND MOULDS. 

spores may bo produced (Kiff. 40). It is rather 
<lifHcnlt to pi'rfonu the experiment with success ; tlio 
ferment must bo froipumtly washed w'ith distilled 
water, as it may othi'rwi.so piitrely, in, stead of fruc- 
tifying (fidiulztmborger). 

Lot us briolly fh^scribo tlie process by which lh« 
fermented lifpKtr lennoil beer is obtained. 'I'he Itfirley 
which (sm-stitutes its easential jtriiieiple does not 
contain sugar; but when it has genninat(>d it conlains 
a sub-stanco bu-ined r/brsAfsc, under the iidluencft of 
which tht) starch of barh>y (am bo converted into 
gln(!o.so. 

Tho barley, winch ha.s heen moistened in order to 
make it swell and gimninate, is spread in a thin layer 
on hurdles, at a temperat\irn of alsmt l.'i'’: this opent.- 
tion is calhwl malting. It is geiiernlly peifonne,d in 
spring, in onlor tt» emsure the neetwiry wannth 
and moisture, and March b<«*r is considensj the Is'st. 
Whou tho sprout attains to two-tJiirds of the length 
of tho grain, genninati(;n is arrested by drying tho 
grains on a sbjvo, and they are tlien ground to 
powder anrl Ijocomc malt, 'i'his malt is then sksiped 
iit water at tho temperature of GO'* and by tho 
action of the diastaso the starch bwoines gtiioow*. 
This saccharine fluid or wort is Iwih'd with hop, 
whicli aro now addwl, not only tf» givo a hitter and 
aromatic tastis, but also to pnjservo it This inftiaion 
of malt and hops is concontratml and (Msiled, and bt*er- 
yeast, the product of previous opratiom^ ia added tn 
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onlor to fvstaMish fftriiK'niation. TIm* y(*ast iw procun^l 
by collu(itii)'( the s(enn of IVniiouted hcftr aiirl strainiiijr 
it into bajL^H. 

In IWi^iina, tbi‘ wta-t is nllowcrl to stniiil until tho 
spoiitanoons <l(‘V#*lopin<‘nt of fonin^nfation takes place; 
bat in France and (Jennany tin*, ferinent is ^^enerally 
added, la this ciiMf' two nielliofls an^ In am% ferua^nta- 


tion from abov{». and fennentatlou from Iwdow; and this 


enables us to distin^^uish two kinds 
of y(*asb that orsup*‘rioi\ ami that of 
inferior 1w‘er fKiiyrs. W>, 47). 

In superior lu*er, the Haecharifica- 
iiion of the starch of malt is efleet(*d 
l>y Hueeessive stet^pingH In casks at 
relatively high temperature of 
from U) IH’, As the yeast is 
formed, it gradually issues from the 
lumg-holes in tlu* upper part of the 
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fiwk ; honuK itiN riaimi. In Kn/^lfmtl, vnO 


aw nw'<t: tint yniinfc ristw U> tlin tttji, and is rcittinvud 


■with Hkiinninrs. 


In th«! maitnfnctur« <tf ittfenur liwT, snw’harifiwi- 
thm is hy htf'<t|iin;{ tint malt in oj«>n vats at 

tins Ittwttr tifni|H*mtnm «)!’ from 1^" tf* O'*, 'Hhj 
yoast is ut tli« hottniii i»f <ht» vats in a 

<l<»»i;(hy mid tdtiat'imts mass. When Ihi- first and 
most imtivii rmiKiiitatimi is at. an end, thi*' di*itr iiqtiid 
is drown otl' and |mt into (insks, is)<rth!s, «^r |»iteJ»‘i'K, 
and as th« syfiarathm of Um ywast is not yot ismiidoto, 

ti 
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it coiitimiea to ari on tho uiimnrlificd su‘^^nl^ Tlir 
I^raltictiou of fn.sli yoast iimkos iln' li(pif>r diirlc, niid 
tlifi amount of Hl(*nli<)l and of mrhonio a<'id iru'roaMs 
in accordanct' with timr‘ for wliitdi it i,; uftm 
b()Uh‘d or put in (jloMc<l raskn. 

Tho manulaotun'. of most f<‘vm»iit**d 
iTSonddos tluit of wino or Imuu'; tliat of rid^r Is vory 
shnplo, and coiisijfjuoutly approxiniatas tin* nmnu- 
facturo of wiiiu, Tim applos am rut and rru.'^lmd, mid 
iviuain in tho vats until ft^nmudaf ion is ovrr; tin* 
liijnid IS tluui Kt*paratrd from ilm soliil rrsidun, ami 
}Mit into casks or liotth's, 

V, (loxcKUNMKn HOMK orum Fkhmkntki) Ln^rrous. 

^^u‘ru are many oUa^r fmmuitod rnpiors rnadr in 
various coun trios with suhstancos dortvisl from thn 
nuimal or Vi‘grtahlc kin^<loiiu 

in Franco, cidor or piirry is somotimos made, from 
{Hsars or crab-appIcH. 

Wiiat the Fnmcli call holrnmn aro ch<*ap formcmUul 
Jiipiors, propared from driod raisinH or aromaUc sub- 
sianeos, such as tho dr'usl fruit of tho coriaiulor, 
wliioh waior swccjt<*aod with trijacln is inldotl For- 
montation is tisually elfucti'd by ^firms lir>rm» by tlm 
air, or by thoso introduced by the coriander and the 
other infj;r(Mlifmte of the liriuor; or it may bo hantimnd, 
as in Bid^ian biior, by the addition of (mor^ycast or 
bakoriw yciist. It is ufhictotl by tlu^ transfc»rmation of 
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the sugar into alcohol ainl carhoiiic aci<h and this con- 
stitutes an adrat<,‘il dniik, which is very agrec*a)>l<t \vh<*ii 
well made, and esia‘cially if it has been carefully 
l)ottle*d hi'fore fermentation is over. 

is made of soured and ferinenb^d mare's 
milk, and is mm*h \isi‘d in Russia as a refreshing 
drink, frmn which an ulcoholie liquor juay 1«‘ disiiileti. 

Many kinds of brandy are nunle from the fruit < 
and seeils <»f (lilfereiit plants. K\ I'HvItfrawi* is the 
alcohol produced by distilling clmiTies or geans; rum 
is maths fn)m Ht*gar-cauc, arrack from ricij. (Jin, 
distilhtd fnnu the junipt^r-berry, is largely consnmetl 
}ty the labouriug classes in Kngland, as corn-bmndy is 
in the French tirinking-shops. 

Tilts savagts Malay and JN)Iym‘Hian races prrqsartt 
ftsnnent(‘.(l litpmrs from Iht* sap of various plants. 
Such is Xy/m, maths frtsm mastirsateti rtstds. ami steeped 
in an infusmn of wthj/Htlnun. In this ease, 

tluj *i)tZ(din^ a ftuim*nfc contaiimd iin the human 
saliva, transforms tlu^ f<«uda inttt a sugar suscvtptilih^ 
to fermentation. The operators sit rouml a largo 
vtwHcl containing the rot)tH steeptMl in wakw, and each 
man takes a puwie, which ho masticatt^s couwicfktiouMly 
until it m suflicietitly imprcgtmttHl with the salivary 
fin'mont Tliis process is rtjvidtlng to our hicai^, and 
few Europmtm w<mhl touch a Ihpior which has Umi 
prepared in such a way; but this is doubitoss an 
csliKjatcd prejudice which would nr^t <mw to a native 
of Oceamw 
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The (Iragon-trecH (Brawna fmiiivffUM and 1/ 
A'lu^tralis) also poswess u foculeul root, fnna wliieh n 
fermented litiuor is G::tracted in the same tiianin*r Ly 
the Sandwich Lslandors. 

VI The Leavkx of ILikaik 

Broad is l(*avoncd in (»rder tr) inah(i it porotis mol 
imore digesiihle. According to Kngol, the tnicrohci of 
haker’s y(*asb is >VfurA n*Heinhling that of Iws'r 

y(iasi, only inon^ minute. Most r)f tlu^ y^'iists whieli 
vve have examined ervniain a great variety of mimdu's, 
However this may he, the fe,rmeidation of l>read, hki- 
oUu'.r fermentations, sets free earhonic aeid gas, and 
tluH raises the dough ami makes it light, 
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CirAPTKll III. 

MKfUORKS, STItff.'TI.Y HO CALl.KI), OR RACTKRTA. 

I TitK Vkoktaw.k N.vriTUK ok MifRioiH'X 

As wft Iiavft W’i'u iti ilio jin'cwlinj:^ clijipfi'r, there ih 
tio wt'll-ileruu'fl iiiiiit liittAvcen fenueiitN and hacltifin, 
any mom than li(‘t.wt'('n RtnnnntH arnl fuii'L'i, or, n;{a.in, 
iMstweoji fnnoi and liacderhi. Their Hinnilor wizc! in the 
principal diilerfiKio which wparatcH hncteria fnaii 
fcrnicntH, wince in other rcHfKtctu tiusso two elasHCM are 
for the most [)art alike! in form and organistatiim. Theris 
arc hactci'ia of largo si/,e, «neh as Liff/Mfiritn hinritlin, 
so frmpnmtly found in tlm inonilt «vcn of a healthy 
man, which imKsh resemhlcH in its iucmIo of growth 
sonic of the lower fungi, such ns OldUtnh tdhhnm. 
Yet the lattiw is reganlcd as a fungus, and the former 
»is an algtt, hy our Isjst crj'ptogainous Isitaniwts. It 
may, however, lio said that the two classes of atgee and 
fungi nm ooimoctiHl with each otlier by thoir lower 
forms, and prolwhly have a eomnum origin ; just as the 
two great organic kingdoms aK> (s^micctwi hy tlioir 
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lower foriiiH, wliieli have h(‘(‘n hy some nnitefl in tln- 
kin|j;<lfnii Pn>t,isla. 

Mierol>(‘.s or haeteria {Hehhi^i^ltjittr <>r >S"/7//:o/////rr^.s), 
appear, in liqniJs i^xanniKMl ujukr ilio inirnw'opc, as 
small rt‘lls of a spheriral, oval, or cyliiolriral shape, 
sumelioH‘s <lctarh(*(l, Kooioliini'S unitoil lu pairs, or 
^ in art(i(MiIaieil ohaiiis an<l ('liapkts 
V TlHMliauo‘f<-r of the lar»4e.4 of these 

\ cells is two inieriemiirnu(*tres, lual that 
/ of tlio siaallest is a foiirUi (*f that si/.e, 

, *** so that at least .100 r»f the forincT anO 

«000 of Uu‘ latter must ho plae<^<l end 
to enrl in order t(^ attahi tin* leii[; 4 th ol 
l^mi 1 h a niiliinietro. It in therefoi'o plain that a 

«Hi). rnajLfnifyjn)L( power of oOO to lOOO dni' 

iiietta’s, or ev’on still higher, is re<ptiri‘d to make theso 
hftin^H olearly vislhlo under the inleroseopo. 

One very eottunon hiwierium may ho found everj"- 
•wlu'rts and oan ho easily prooured f(U* mieroHeopin 
ohsurvatiou: /or//u/, or the mierolw^ of im- 

pure wat(U\ This haehuHuin is not iitjurioim to health, 
since there is no potahh* wat(*r in whieh it is not 
foutul in greahu* or less (nmntity. In ordt*r to olitain 
uumerouH Hpecuuens, it is eium^li to take ludf a 
of ordinary water from a spriiif; river, and to leiwi 
it for Homo days on a tahlo or ehimtmy-pieee, the 
vemd hrdng uncoviinnl allow tlu^ access of ain Wo 
may soon ohnervo tliat a thin coating in fanned on 
the Burfaca uf the water, which iaoka like a deposit 
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of fine <lust; tins dii.st consists of myriads of l^actiTja. 
If take (I drop of this wator and j>laee it under 
a covi*T"/^dasH, in order to (‘xamine it under a niirro- 
scoix^ with a magnify in^ power of ahont oOO dia- 
nutters, shall, as H(a>n as the instrniueni is properly 
fooussetd, see a really surprisin;^ hpeeta(*h‘, 

TIh 5 whfde field t>f the mieroseopt* is in m(#ti(ni ; 
hundnsls of hiu*teria, resenihlin;^ minute transparent 
worniH, are. swiiuinin;,^ in every dir(*etion witli an un- 
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thilaktry imtfc’nni like that of an «><>! or wiiaki'. Soinn 
nru (lotarhod, otlioiH itt pairH. othoi'H in ofiaiiiM 

tir oliaplotH or oylindritail rodH which aro }>artitione<i 
or articulatiwl (Kif?. 4!)); tliiwo ar<( only h*«H luaiuro or 
yomifjt'r than tho fii’Ht. finally, wo mu a iiiiiltitudor»f 
Htnall j^lohuloM wliich romtlt from tho ru{)tur(» of t!i(f 
ohaplota. All thows f{>riuN roproMtnt hm diffuront 
tnuiNfonnationH of Jiudmum i«mw, or tlm inicmhu i4' 
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putnTaction. Those winch arc dead ap[H'ar m mnall, 
rh^idf and inunovable hmIh- 

In ohMcrvin/^ the lividy niovciinnits (rfilicsci ininnt*^ 
or^^iinisiiiH, mij^hfe bo t<*tnptcd to n^i^ard tlutin as 
auiinala But wo km^w that niovonumt,, taken ly 
itstdf, iH not j)e<iuliar b* the annual kin^^donu 
asuks the nioveiuont which can bo provoked in the 
iiitinuwa and in many hi^htir plants, it is well to 
reinombiT tljat many of the lower plants ate capublo 
of tnotioai: this is the cast? with M’f//(iooovyr\ in wind) 
the prt‘S(‘ncc of clil(iro[)byl incont-estably proves their 
V 4 ‘jL(<*table iiatun*. Tlu^ *spores erf |daiiiH of a ntuch 
lii^dier trrf^animtion, stich as ferns anti mosst's, have the 
pow^tTof Hwiniminjf in the w'ater,JnHt as b«df*ria have, 
this has prtteuretl for tlmin the iwnnt) (tf 
althoti^^h ntany rrf them eontaiu chlorophyL 

The movtsmmts <rf bacteria are, likti tlumo of S50(r- 
KporoH, tine, to the premenee of vibratin;^ cilia, which 
ar(i iiiHfnitsl at both extreinities, or only at the hinder 
oxtreitiity (*f the microbe, ami wdueli fonn orj^atts of 
pro|mlHiou amilojifouH to Urn tails of tatlptdes. ThoKo 
<;r;{anH art^ vr»ry transparent and are <lifficu!t t(» see in 
the, livino subject, even wdth the stronjLr^Ht maii{iiifyiri|if 
power, on account of the raphlity (*f tintir nummicnts 
Hut tluur iJxLstonce has Umi aHC»trtaiaed hy the usrs of 
staining tluids, and alww) all by micro photogntphy. 

If, howevi^r, wo analyjKO the iiumIo of motion in 
Jimirrluni (vrmo, and c<nnpare it with the movoments 
of tim ciliated or flagellated infusoria which may often 
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be seenswimmin'j; with it in the, field of tho luicrofinoiK;, 
we are struck by th(! ilillVvcnce. Infusoria come and 
go, swiftly or slowly— thety go buck or move to tho 
right or left; in a word, thtui- movements seem to bo 
actuated in sonu! sensis by 'wiU. Nothing like this 
is observed in tho bacterium. The uudulutoiy movui- 
inent by which it is animated is always the .same, and 
iniiiels it straightforward, like a stone .sent from a 
sling; it never voluntarily goes back nor out of its 
course, but only nmler the inllur-nco t*f a foreign im- 
pulso, such as contcictwith another Imcteriuin, when it 
relsmnds,just ns a urojoctilo may rebouml from a wall. 
On oncounh-ring an obstacle, the luicteriiun ronmins 
imlefinitely umlulating Iwfure it, witlumt ever |iaH.sing 
or showing signs of fatigue, until some e.\ternal cause 
c(rtiteH to jvloasji ami send it to tho right or left. We 
may often see a tangled mass of bacteria, perhaps 
adhering by their cilia or by some other sub.stan(!t^ in 
which all the individuals continue to luidulato until 
the ruptimt of the mass [Hirmits them to depart in all 
directions. I’he.se (jrgauisms are therol'ore plants in the 
character of their movements, us well as in the rust of 
their urganimtion. 

In bacteria 4 iacli oidJ cormists of a cellulrmo w’all, 
containing protophism, as we saw was the case in fer- 
menta. Tho multiplication by ILssion is effeoted In 
{(isiciHely tho sumo way in l»actena and f«rment«, and 
so also 18 tho formation of spores, (Jtuior certain 
circumstances, wheir the li<|uid on which they subsist 
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is dried np, tlio protoplasm C(nitrnctM ainl idrm.s sp{»rt‘K, 
\rhieh» wlien sot iit liUaiy l»y tint rupture t)i‘ ilu* 
wall, ;:jj(‘riuinatc ami fjfivis liirth to fn*sli Thu 

only dilibronco o(»nsisis in ilu* lart tltai fonnents )uay 
produce sov(‘ral sjjon^s in 4^ach coll, while, hacteria 
nttvor pi‘oduco more tlian oiU‘. 

Jhu'.teria as \v<5 ha,ve already said, for a h»n;j[ 
while cliiHstMl with fun;^i luidiu* the lianie 
JUit recent n*s(‘arches into their or;^mnizai ion, and maw 
especially into their mode of repnalucthun show that 
they riNSOiuhlo a jiifroup of inferior tenmsl /V///- 

whh'h incluiles (hrifltfrhf, ami 

(riiroutvnufH^ Hpe<‘hw jreue, rally furnished with tdiloro- 
})liyh Bacteria repn^sent a similar jj^roup <Ievoid of 
cldoropliyh in a treat isi' reeently pul»lidM*d,gO(*H 

still furthi*r: he aswuis that the .sium' spet^ie.s of a!;^^a 
jnay at om^ time hcf prf^Hented in the form of a plant 
liviti}^ lVe(dy in water <ir daini» jjromul hy means f»f 
chlon^phyllaeeimH prot<fplnHim and at nmdher in the 
ft*nn <»f a hacLeriuru or parasitic inicrohe, devoid 
eldoropliyl, and nourished at the expensi^ of orj^’anic 
ftnlmt/iuces which have heim previously elah(#ratefl hy 
atiiinalM or plants, thus aeeoinmr^datin*^ itself, m'tcord- 
iiifj; to cireuuiHLaucuH, to two very ditforent imKlos of 
existeiico# 
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ir. Ol-ASSIMrATTr>N' OV MiriJOHKS, Oil BACTEUiA. 

Ifc is V(My tliiluMiIt to !nak«i any m< lira I clasMlica- 
tion of tli(‘ orjMjnniHins wliirli l.i^lon^ to the jLfroup ol 
miorolx^K; wo liavi?, in faot, SfM‘n that tli<*y only difihr 
from each otIn‘r in oxirnial form, ami that thoso forms 
are vory varinhlo, Hinc<s tlm .snmo oryanisin maypri^sent 
itself Huee(‘.ssivo!y as an isolatoil pjlt^hule, a chajilot, a 
(?hain,niHl a more (»r lo.ssartioulak*<l roil. Microhos ar<* 
OHsentially polyinori>hoiirt, ami ailapt theinsolvoH ti> 
v«ario<l comliiimus of oKistenre, whieh inlluonoe tho 
form taken hy tlnwj mii^roscoino or^^aniKins, For iliis 
roason tlieir elasHUieation has often varieil, thr*ir iIih- 
linetion into {^o'iu*ra nml .s|HteieH iloe« not yet rely <>u 
preeiso data, nml th«j opinions formed hy various 
authors In aecordaru'e with their pm’Honal rttstjareln's 
still dUfer widely. 

We will, howitver, subjoin WunneheH dassificatioii. 

fUrlrhii/tlif/fat or fJvJfhomy(rirM, 

A. lUvlHiftn rrllH ftlwiiys ♦«*t*»rrlti5r in Uie woiu* rlir* r- 
tloK. M) to iWrei II elmrift before tiie 
fir «t*|mMi,tf% 

1. nnlb'ii in niueilaKinnitH nr pfi liitlriiniiiH funitliiM, 
u, Oil^ nnitffd (in u btniii of nfitorrbntm 

fiiiniiieri. 

a* B|»heri(nil fir ellijitlf’ eolk, nrihmrlf^MW {iiol f(ene- 

tfiUy tnotJofiti^H if/rnwi/friof. 

i9f. (!nIlK elon^cwtori in hJioH, rnovulilo riwln ikoftirium, 

iu ftanifieH wlUi Kimr{i onfctinrM, tnbii* 

Ittbil iiikI MKKliahmtofi like 
% Cidlki nimtigiMl iu iUmnuntiu 
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a Cylindrical fllamoutii, iiulij»linf*Uy articiili(l{Ml» m*H 

a, T^nianiilicd, \(*ry slondcr lilamciifH : 

(1) Shf»rt 

CiJ) 

j3. Filanu'iitti rciuiilcdly InfumittMl (falM* nmnli- 
catmiin) 

/>. Bj[)int) ni()vjdd<‘ filnnuMifh : 

(1 ) Siu^rt, faiufly niidiilali'd ... 

(2) 

(:») Maut, nt,dil 

(1) infmnnciliit^nHMia rtmbH 

iJ. (’oIIh diviiliii^c croHh-tt iH(‘, « lie I the* dmijtiitiT ri'- 
nijrnin;^iniitt<<l, liKi* {(.k'Ki la iii d 
(‘oni 


L* l^h^Uirix, 
VlmUifhux, 

y/f/r/iL 

MyivnuinUm. 


^ttrrina. 


jMost of Mh* iui(n*olj(*s of wliich wo, luivi‘ now toHpeak 
may ho aswit^noil to ono or oOtio' ofiho yivim in 

tills Hcrnoiiilio cntmHOuUon, and Honnd.imos, fm ?u?<iount 
of ilndr jiolyiuorphlsm, to shvoral of tlioso ;^ont*ra, 
Bofonj makinj^ a inons dotailod study of Ni»nm of 

thoin, it may Ixs iniorostiiiji^ to ^lanoo at Ui(‘m m a 

# 

whoUs, followinj,^ tlio 4*f classi ft oatiou ',dvi*n alnwo, 

TIio fjomiH MUuviVtr.m (l(allio.r) ijiolnd<‘H tho 
sphorical microluss, which aro tho- ntost omiimon and 
tlio most widoly dilfunod, probably hocauso tho Hpt/ros 
and oarly staj^on all tlio other f<*nns 
liavo thin spherical shupo lMdbri» 
eomhijjf cJon^^aitsl ancl asmaninf; thoh^ 
adult form (Ki^, 50), 

This genus in divided into two 
BcctiftHH : tho first includf^s MImh 
coeotM tihnnNOf/f^Nh, ie. fabricato»‘s of 
colouring matter — an extruiuoly interesting group, on 
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Fipc, BO, — 
iHHlcr tin* fonii Mi- 
frmit^ui (.mtU'U cu- 



MicKouns, on bacteiua, 

M’lucli we iinist Hay a n*\v w(»nl.s sinee tlieso iiiicTMln‘H 
play an imptniant part in natiins conn(*etefl with 
liy^^iene and dniiii'stin (^eonoiny ; tlu', seennd section 
includes MlmtafrruH potluftfritlH, or the producers ot* 
disease, which umst dt‘tain ns louden 

Tlui j;^oims Ihtcfvrht of which the nnino indi«at(*s 
that it is rod-shapcfl, also iiK'ludiss sfaee colourcfl 
speciRH an<l iiiorf* whicli are cohiurless, Hu<di as the 
liaeteria (»f putrefaction, of sta^^nant waters, of vcgetahhi 
infusirms, c^tc. (Kio*. 4U). 

The {^eniiH yiseomvofs is less cmnmrm. The cells, 
united in j^rtaips or families, fonu inucilaj^inous, 
wrinkled inendiranes <m the surfacf^ of jniLrcfyinp; 
Ihinids, on the juice of meat, on the infusi<ui of 
hay, etc. 

JlavUhm (er TiocferUlhr^ Davaine) f(»nns an ex- 
tremely important ^^enus, charm^te-rizerl hy Its lon^, 
floxihle, and artitailatcd filaments; thiH;,*;cmiH includes 
the butyric f<**nnent, and the luimihe which ptmluces 
the disease called or spirunc fever. 

LiiliUiihTixhimnriH is found in the hutimn saliva 
and between the teeth (Fij^. i51, k), 

(%(uhthnx jlhrhuUmtff foniis a kind of fitie 
which appears like a'whiti.sh niucila;.(e on the surfaco 
of putrefying Ihiuids (h'ig. f>ii p)* 

Vilmo rtfffulAi and V, mrpevH are found in 
infusions in the form of tolerably thick jftlaments, 
which have only one hdlcction, while tlioir auccussors 
arc apimily curveiJ (Fig* 1), 
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i^jj/frilhnit mid f/iilv diflrr IVom r*ar*li 

otbrr in thu mnul>4*r and n]»prn\iinati(»u of tln'ir 
spirals, rur/ifrf^* Ofn^m/rhu^i is funnd in tin* lilnod 
of tlu^sr^ aiiockitl by r<*cinTnni lVv'(*r: aV'. pHr^tiHv, 
wliich is foinid in stn;j;nnnt wati*r. amid (hicUht rUt, is 



I'iAir. fll.* or iMifrrJn ri, rf, of ViifltoiH 

liiiiiMHi f*! tio' Muiirt , /, !)»*’ nliMr? A'. nr 

ItjK^iUuN. it \Hhtift, illvHllftif t»,v h'»'‘io«n m, A4nihfm , o, Mt*‘ t p» 

fKirfiapH only tins ftarasitic f<tnn of (liewi* alf'H', ai«l 
IiiiH biitin roffan^wl iw tlio mmo of iitarhli fovor, 
tipi rill ii-iii. i« alHO fouiifl in infiiNiottH (Kig, Jll. in, o), 
Finally, Hdriinti vnUrlrnll, wj dilloronl in form 
from other inicrohoa, ia fonmi in tlio HitiilK of tho 
liuman Htomach, in tlio IiIimhI, and in Uio InngN, in tho 
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foi’in <pf yclluw ]iatclics. It is also i’omid lu fclio alliu- 
iiiL'ii of hoilt'd I'.ii'jLis, in ]»otiit(M's, ck. (Fi*'. 52;. 
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III. TiIK MtCHOllK OK VrNWiAR, AND AcETK' 
Kkhmkntatio.v, 

I’astiuir lia.s sliowii that Ilia aciil fcnnoniation of 
alcoholic li<|ui(Is Is duo to tin* oxistcnw! (»f a siM-ciai 
inicrolia, liko a foriiioiifc, whic.li is di'vtdoiird on 

tlio Hurfaais of fcrtiionti'd liipiors whonovor tlicy arc 
aljaudonod to tlio contact of tin* air, in Uto jtn soiico <tf 
albnmiuoid miliHtauciis. This tninrolw, wliicli ronsti- 
tut(w tins viol/icr of niwyiii', an<l wliirh is timiicd 
Miitmln'iiui, uvvii, is probably idoiitwial with UarfiTluiii, 
ItmuUt, HO ofUtn prosmt iu infuHionN, in Htagnnnt 
jtoolH, and *(V(‘.n iu Hprinjjf watcu’. It Ih a truw 
i»aotorinm (Fij^. 4.S). 

The incmbrano whiaU way bw obw^rvod on the 
ntirfaco of liipiidH in courHo of acetic fenuentation im 
foriHf'd of very minuto ohmgatod c«lk, from 1’5 to 
nuoi'o-willitautrcH in hnigth, unitixl in tlio form of 
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cliains or onrvoil rorls. Tlipy inn]ii]>ly ]iy the trnns- 
VOFHO flsHion <jf tho cell, a Hssion prcrcihMl ly a mcilian 
constriction. Those are cliHractuiistics of tiiu hae- 
torimn, strictly so called. 

The nutrition of this inierolm rc'^emldes that of 
hf'er-y’'east : it nsjuin's nuju'nil sails, jtlui.spliah'.s of the 
alkaline in<‘t,als anil of tho metals of the alkaline 
earths, jtrote.id mattens, or animoiiiaeal salts. 

This ferment i.s an o.^idizine; ferment, which with- 
flraws oxyj^mn from the air and transfers it to the 
alcohol, thus convertiiif' it into acetic acid; hence it 
can only subsist in contact with the air, and iH-rwhes 
when it is suhinor'ced, so that aeetilieation is then 
arrested. The oxidizinj:f power of this microlie is 
such that it call oven oxidixe alcohol and transform it 
into carhonic iwiid oas -a fm-fc which explains liow the 
strenfffh of wine is lowered ly the other ami Iar;'er 
species, Jlfy/w/mrw vlit’i, oi' which we have j.;iven an 
illustration (I'’ipfH. 43, 44). This action Is less lively 
in tho pri’sence of a considerable (pmntily of vtiu‘;^ur, 
and at Orlenns aoctificatiou is alway.H etfected in vats 
which contain a Iarp;e amount 

What is called tho Orleans process, which is tlio 
one jfeimrally omployod in Krarice, cotmisls in filling 
tuns which can ladd about 2(K) litres witli KM) litres 
af vin<>gar and It) litres of whiti* or red wine; once a 
week 10 litres of vinegar are drawn off, and ifplticed 
by 10 litres of wine. Tho b-mpemiiire should lie 
about 30". ().\ygen is supplied by a |»ropoi‘ xy.*tom of 
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vcntilatinn. This i>ru<*rss is sonujwlia^ slow, sinct' it 
only pro(1nc*<‘.s ton litivs of vin(‘‘i'ar (nifc of each tun in 
the eoiirscj of tho ’vvoi‘k, jumI it has tlio (liwa']vanta;^^o 
of (nieouruji^in^ tlio multiplieniion of trnf/tfUHflfr, tlio 
small nematoid worms wliioh live in vim';^^ar and sour 
paste. 

I^isUuir has lUfslifnMl and improved thft on;^dijal 
proc!<*sH so as to (►hviat.e lioth inronvonionces. He 
omj>IoyH h(‘a.t, whic'h allows Uio process (*f aeidilioation 
to be ini(U‘niitti*nt. arnl thus pn^vents the di*velopim*nt 
of the iUujidllUliv, Shallow vats, about *M) centi- 
in<.‘.tros in de.pth, with lids in whieh holes have boon 
picrtssl, are ustjd, and ^mtjendvnihif is Hcattered on their 
surface, (j|iitta-|M*reha tubes, piereed with boles at 
their lowtu* <»xirf‘tniiy, are plactsl at tlie bottom (»f 
these vats, S{» that fresh liquid ean bn addtsl without 
disturbin^f the su[*(‘Hlnial film <^f /oyrWer/aa. 

In (Jfe’uuMuy, vine;{ar is made by means of .^pme^y 
platinum, or platinum blank, which oxidisces aleohtd 
without the intervention of a mifjrohe. This affunls 
a goocl (example <^f hjnmuitation, or of an analogf^ns 
plienr/iiiemm, productnl solely by pbysiet i-ch«miiml 
acstion. The platinum blfiek lusts by disintegrating 
the alcohol and placing it in more intimait) oontiutt 
with the oxgyou of the air, sineo the proceim of 
(oxidation w<nild be mtieh slower without either tl/Is 
procsest* or the preHiumo of the fertneni 
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IV. The MifiKoiJKS which AFFEcrr Wikk. 

Tlio aOefjfcious to wliieh hchiks wirn‘.s arc 
alter their taste anil (j[uality so as oFLeu fo Hinder 
them unfit for luse. Thescj affect iouH ou;jfht fo hi 
reco^jnisseil, HO that a iliseaseil wine may not ho con- 
founded with one wliicli is adulteratiMl, nml it is hy 
means of tlie. niicruKcope that we are enabled to 
reeoj:j[nize tlie nature of fhi*se, eh»n;4e.s, (thaptal for- 
merly ascribed tfiom to the |»re.sen(»e of an I'Acess of 
ferment, sinet'. h<‘, was nnabh^ to disi'over any i^ther 
cause. \V<^ now know from Pa^ieurs valuahle re- 
.MSirches, pulilihijed in his boidc, AVer/es nur /es kuhh, 
that they an* all due to the pr({.';ence of micnds*?, 
peculiar t(» each <li.seaMe. 

The sources of the diseases which aflerdi wine/' 
I Visleur writes, ‘S'tmsists in the prestsico of parasitic 
microsc<*pic plants, which arc found in wine under 
conditions favoiirahlo to its development, and which 
changii its nature (dther hy the withdrawal of what 
they take for their own ntif riment, or still more hy 
the formation of fresh prodiuits which an^ due to the 
nuiitiplication of these parasites in Ute wine/* Tfmso 
diseases are known under the namifs r*f 
potme^ amee/a/ne, et(‘« slutU review them 

in succ(*,HHion. 

Motddy or Flommul IfraA— These are win<'Mon the 
surface of which white pellieles are formed {jirtm (U 
nn), which consist of Mymknm trmi (Figs. 45, 65). 
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Tlii« pro(lu(*t rlnr*s not Inra t,li*» \viin> sour, nor sensibly 
affect it. It is <lu<‘ to the teni|»*raiiire of the casks 
too <luriie4 the hoi sefisoii. It may he 

r»h%'ial(‘<l hy spriiikliuLC them with ei^hl 'water, or hy 
puttin;^ iei*. into iliem; (*are uniht also ]m taken to 
keep tht‘ casks full, ami the <M‘]lars as cool as possible. 

Arliliff/ of llVees; Honm! U'/ers. — Wine always 



i'icr flJi '“'Tlin nrrmntf, inl»|i'h «ninr » w<ni', n in iiH» « j 

l, I, , M, if, ttlUl tU* winn»inhhr# w/i^' lt 

mU iitvi in ut. hii itilVfiiiVMj 

t-ontaiiw ft wiiall qtiiintity of ar,(>tl« will, nud whon 
fchiH ttflld is in i‘V«ft>ss, fclio wiiiH in no lotiynr drinkftldn, 
ntul turns to vuii'Ofti*. 'I’liis chaiii'o is duo to tho 
proHonco ol‘ itifiHHlrniut tirit} fKio. Ji;}), of whkdi ms 
hav« ftlrijftdy spokon. It is imidi inoro ininiito thfui 
M. ■iiiiil, and takos thn form of thf, fljijnrw 8, m t!i« 
iltuHtrativn sJtowH, or of ohaplots formed by tho union 
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of several 8 h plae<i(l end t(* (‘ml. As Ui<‘y ^e^renv older, 
the twogl(»])iil(}s of tlui tS divide, ami apiM'ar as isolaU^d 
^’ranult^s. Tht‘,sc two speeies (d' Mfiiunlvniuh aiv iu- 
coinjiatiMe, and an‘ never fonnil in the same wine 

The a(dd may he isolated hy difttillin^ix th(! sour 
wine. The atli^mpt has Ixm^u mad(‘ to eiire or im- 
jn’ove .s(inr winehy adiliny normal {adassium tartrate 
from iHH) to 4{)0 grammes to every ho^^'-lieail of i!;]0 
litn‘s), which forms potassium a<s'ta(f‘ and hifartrate 
hy neuiirali/dng tin*. ex(‘(‘ws of acid. The hllarirate is 
d(‘posit('d spoilt am*, ously, ami erysialli/^es, ( 'iirhonaie 
of liim^ eanm^t lx? emphiyc*!! for the same purpose, 
sin(t(t it would spoil the wine., 

WniVH that, a^rn fmuinl or ian^fvraaattrtl (e/os 
yao/ss*'S,' rl ti}i hlfOfsy ' This disease displays the follow- 
iiiff cliaraetiU's: Untwine assumes a Iduisli or lirovvii 
(colour, and IssMunes turhid; if shak(U) in a h‘Hi-tuhe^ 
we may ohservti silky wav(*H floating in ev(‘ry 
direction. When a (‘ask is {ap[a‘d, the wim*. spurts 
up, and it is said a, la, If pounsl 

into a glass, a numher of minute hiihhl('H ttp[H*ar on 
the surface, tlu» diseohairation increasi's, and the wine 
hoc<mu*.s more turhid, Tlie, taste is changed and 
hccomes insipid, as if crater ha*! hei*n added, The 
tltHijaHe is lUweloisjd in very hot weather (Chevalier 
and liaudnnmnt). 

This al!e<d<ion is duo to the pr(*,senco of an ok- 
trouudy atUuiuatfsl mifjrolus wonumdiat romunhling 
tlmt of lactic acid, which we sludl clescribc presently, 
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Imfc tlilfmiif]; fro7u tin* latter in iindividcil filauifints. 
Its diiuiieter is iit llie most one ini<'i<i-inilliiii(fti'e : it 
varies iti lenj,dii, and is llexiltle, in -vvliieh it i-eseinblijs 
tile ''Oims V'Hu'io. Tliese tilaiiients colleet in a 
iimeims deposit at lliii iMittniii of the eask (Ki'f. a t;. 
Wine und(‘re;ees sneeessive chiinj'es under the in- 
lineiiee of this patlioeenie ferment., and tliis has led 



lUrtilinUr ft f iiicut i ;t, nf ,'1. 

mI iiMriiml j ♦, iWtw, m wliivh imnltn n thi* 

to the he.liitf that there, an* seviTal di.stinet diMeaKiiH; 
hencti the diflerent names which have U'en given to 
this atrection, 

The retiiedicH for the disease cetmist in the ad- 
dition of tiuiaric acid ; in drawing off the wine into 
Mulphnreel awks, and n<lding a little hmndy; and in 
tttkir^ cnro to kw>j» th« ctdiars wUifcowaiiiteti and airy. 
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Wlm affecfetl hfj UtijHHriis, — WliiUs winrs, and 
(‘Specially eUainpaj^nc, an*, ninro oftm a,li(‘<;t(*d hy this 
diH(*asc than ml wini^s. It is inon* a]d to atta<*k wiiu* 
whicli has littli* alcolml and is ihdirimi in tannin, 
and under its inllueiicn ilu^ liquor heeonn'S turhid, flat, 
and insipid, ropy, lik<* white of and it lo.'-t‘s it^ 
sn^L^ar. 

This clnur^n* is nflhet.iMl !»y a fllanientous iniero!u% 



rig. 5ft. <tf rtkplu^'HS In tvlrus »tfvi liiiu ili (inpngrir, m*! » tl I*/ h i*'ii>ua 

whU'h 4 tWK a'fiM" . tifpin n» aw4 

even rnorfi liktt tho lactits ferment aH) than tin* 
nm* wo have just descrihed* sineo it is liUewiso f«jnm*d 
of very minui^*. j^lnhulos, uniieil in ohaph*ts, wJtich 
arc, how(ivot\ more attonuat(?d than tlamo uf tln<! lactic 
toninmt* I’hesi^ filanmutH form a spocicH of feltwork 
through which tint liquid sl(»wly filters; Imneo its 
oily apjatanuico* It m prohahly a bacterium 
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This feriiiMil may ha <lnsiroyf*rl hy tannin (In 
grammes to a liu;;’slii*aii;, wliirli has the dlhct of jm- 
cipitafciiiy it. Very j'ipy surhs, wliich have laMOi crushtMl, 
may also hi* used for this purpose, as well as gall- 
nuts and grap<‘-s<»eds whidi have hoi^n grouml to 
])Owder ; all suhstam^es rich in tannin. The jn’oeipitah* 
thus loruied sliouhl la*, separated from the wine hy 
relining. 

Wiitf'H offr*'frfl hf/ /hV/er/o'.««, — Tins disease affects 
red wines, <*spi*eially th(»se the clioiccst vintages 
of Burgundy. Pasteur writ4‘.s that ‘*at its outset 
the wine asHumc*H a pi*euHar snndl, its cohair is less 
vivid, and its taste lM*eouM‘H inHi[dd, Soon the wine 
heaunes hlUej*, and there is a slight tasfi* of feruH*!! 
tation, due to the presenet^ of carhonic ueld gas. 
Finally, the disease h(*eomes mon*, aggravated, the 
colouring matter is eomplei<*ly changed, and the %viim 
is no longt*r rlrinkahle/* 

Tho mierohe whieh is the essential cause of this 
disf^ast^ is seen uiuli*r the nneros<sfpo in the form of 
articulated lilamentN, curletl hack or bent, and it may, 
or may not, he invested with the Cfdouririg mathtr of 
the wine. It is reproduce, d hy llsshm, not hy hucl^ 
ding. It is prcduthly a hacillus (Fig. 5(i). 

This fitrmmit must not he couloundiHl with that 
of wine afle.ctcsd hy of vvhicli the filarnents are 

much inore slender, theartimiiationH are hardly apiwarent^ 
snd tluy are not incriisted with colouring matter. 
iVioisc is remit ly developed in win^^sof inferior ^pmlity, 
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uhile ilir fiiHu* sorts are unav often attacktMl 1 h, 
bitterness. 

Tlie bitterness may be to somt- extent n(‘ntralizi*(i 
by the addition of n(‘W and swei»t wines, but tin 
application of lime (from 2.' to ot) crnlij^reuntus ilu 



F<f +t<5 I'litri'f nf wiiif*. iii'»U’ ihr- n»irtn u p»' i, V, Ki* tmulf' Oil' 

muntO’ • > w-M* It I't'Hhn' » tin »H mh ">t f <-1 

«'«*ltnu»in muonr illi'trl'MiO wtfo ); in an , 4 , somi 

inU'n*lit itnifiel<4 wUh ►••UnniiiK uwiitH, 


litT’-'J is more n‘eommenrl«*d. This troaifnenl mnsb 
however, make the wim^ sour. 

Tin* dt'poMitiH formed in rlet»i'ri<?ratinj^^ tir old wines 
nre not efleeUnl by the fiii('rol«*H wlii(th we have just 
euMim^ratis!, but an> due, aecordinx to PriHiimr, to 
tlm combinatdon of oxygen wiUt tlu^ winv umhir the 
aetitm of time. This eonHfcitut<^s the uffittjjf of wme* 
r/wton#i /fVemen/n^/on o/ AVfffrA/O'/ne LUpfhU/ - 
*W hat is tcrnuHl viii^coUH fermoutatimi tak«»H placo wi the 
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juico of l)nt‘lroot.s eanviis JiTid am! in 

conUininy suf^ar luid nitru,i^t‘iinns snhstanco.s. It i.s 
prol>al)ly iir<Mlu<*ivl hy Uhj s'Iiimj i^nnriit which causes 
the ropincHS of wine. 55;, ami the as.^ani<‘s 

a viHcrniH or oily JipjM^aranca 

Pawtina* siutc.s that this niicroljc arts on the 
and transioniiH it into oinn or doxtrinc, into inannitM 
and earhoTiic acid. Hits lactic and hutyrirs fc.nuciita* 
tions, which arc often Himultfun*onsly prodtjccd in 
saccharine liquids, arc* due to distinct inicrohcH. 


V. THK Mi*’UOI!K i>V liAOTIC Fku.mkxtation. 

The Hiigar contniiuMl in milk, hh W(‘I1 as jy;rai><' 
snji»’ar, can h(* iransfornuMl intf) lacilc acid. This 
tnuisff»nnaiion is always causijd hy thci j»n^s»‘nce of 
a fenneut with whitth Pasteur has made us iwi- 
qualnfcifd. It had Im'cu prcviotisly supposed ilmt tnilk 
tunuid s<nir Hpa/tfjinfvmly wlien Lt was allowed to 
staml for H<ane days, Jn this ease, as know» the 
milk curdles, and th«» d(‘ar Ihiuitl which sej>araU‘rt 
from the curd is (*allod wlu'y, fu 17H(h Hehcehs the 
celchraUsl Hwtfdish chmuist, f‘xtiiud»e(l lactic aiad front 
whey. The satiie luful is also found in Hour^cront; 
iti the sour water of starch ; in hake.r’s yeast; Jn water 
in wliieh peiis, l»eans*or rice have been Isnled* and Uirn 
suffered to ferment; and, finally, in the Juice of teet- 
r<»ot which has passed through viscous ami alcoholic 
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fermentation, after wliieli it turns sour and i)i‘0(luces 
Inctie acid and luaimite. 

Lactic fei'iueutation r<Mjuir(*,s tlm ])n‘sem*(i of pro- 
teid matters in ])r<KJ<‘.ss of <^e.eom}u)^iti^nli, and it can 
only bo carried on when the <h*;L;ree fif acidity in tin* 
li»{uidd(»es not (j\e<*ed delinit** limit, s, Kor tiiis piirpoM* 
a <M‘rtain amonnb of clialk jsaddt*d, to uoutralize. tho 
iudd form(*d at the expense of the su/^aiv 

It is soim*\vhat dilllcult to ohsio've the inicrohe of 
this fenmuitathm without ph^vifjus iiHfruetion. It 
appears in the form of^^ny i»at<*lies, wldeli are readily 
confounded with easidn, and with (lie disinte^f rated 
.%dub*u, or tlu‘ thulk fd’ tlie liquid uiider examination. 



M|^, f)7. InitHMit in A I'tK, tiJiOfi 

♦ lujilt t (‘unitAi' lO (JV4* HI i, 

Uiutor tln! iiiicroHCiUHi tlin paU'l» i.s kci’u Uj rauiHist of 
Jiiiiiutti gliiliuloH, or of filaniritfH with vory Mloirt artiisu- 
latuiUH, ihoIhUmI or iti iiak«'H. 'I’Im'ho jini tlio olifirncttsm 
<if tlu) ffimm ./{it4‘fr rut /n (Ki^'a. .'>7, oM). 'I'iio ^'lolitiloa 
ftn> much ii»mi iiiiiiufcc than tlioac of the yi-jist of hoar, 
amt ant atrorij^Iy a^jUatctl whom in iMtlathm by a 
inotitjti incomtctly termed Hrowniaii irutvommitv amt 
whiitli docH not in imlity dilftir fntm tho imtvcmvrda 
which may l«t oliaurvcd in moat <»f tint Niton<H of tint 
htwer orders of jilants ami in a great ntunltor ctf 
biu;fc()ria. 
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This ferment is ofttai found in “wine, together with 
those of yeast and alcohol, au<l profhH*t*s in it an in- 
cipient lactic fenneiitation. The predoniinnnce of one 
of these fenaentatiouH depends on the eoinpnsitiou 
of the medium, wliieh may he more or less adapted 
to them, A siyiily alkaline medium is most suitahle 
for tho lactic -whilt^ in a p<irfectly neutral 

medium only alcoholu* ft^nmuiiati^m will occur. 

Wo have alreiuly said that muni’s milk can he 
transfornuul Into an alcoholic iMpiid calletl koumiss. 


VL TIIK AMMOXIAfUL FKit\n:NTATlOK oi^ ITuixk. 

Shortly after its discharjufi.s tiriuo which is htfi to 
itself assumiis an ammouiacal oihmr. This is dm* 
to th(j transf(»nuation of tho urea (tho nitro^esuiiis 
principle of tiritio) into ammonia and carhonie acid, 
under ilui influence of a inicrols* whhdi appears in 
tlui ff>rm of free globules, of articulai«ul iilamenis 
(Torulih)t or of chaplets, rescfiabling those of tho lactic 
ferment This microhc is found in ilio white deposit 
wliicb cidlects at the Ix^ttom tif vessels, and has beeu 
termed Mhromym nmv, 5!)). 

Tliis feniu nt is convey t*d thrcuiKh the air» lik«^ 
other microbeH of ferment ation. It dtsiis not ojcist in 
the bladder as h>r*g ?is the nriiM» rmnairiH acid. Yet, 
in the rare cawts iu which uriinj hiis lw>mi found k* bo 
alkaline^ immediutoly after ita issue from tho bladder, 
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it may Im ascitrtiiiiiPtl that ilu^ was inirodncod 

hy sonic neciilental cnuso, as a cxaiuiim-’ 

Hon, and tliat tlu‘ Sfnnid s(*rv('d to (In* inicrobc. 

It is, in any (*as<‘, sniHm(*ntly coamion at tlic (‘xtarior 
orifice of tin* urethra, and at- the d 'pth of two or ilinjt» 
continadivs. 

Von Tie^dn‘iu lias shown hy jirecisi* (‘\]H'riinents 
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IV i/j*<frri'Vim TiiirlM’ut't Ml< r^lM' nf nmnffiid t« «tl ftrmrnt^anti« 

It luHv hi' <ih tirv<4 tJiftt tlK‘ )iA(’r< until h m tii'‘ Oniir" »** m 0*»tO* 


that the prtssimen of this inicrolic is the fnio cjiuho of 
the, ainnioiiiacal fermentation of urine. With cm*tai« 
lircoautioriH, the urines witlulrawn from a healthy 
itlatlder may bi^ jirosorved for an indefinite Umf^ 

ThftHc^ ex|HinuitmtH have. lasm recenfly resiimerl hy 
Htornhnri^j, an American pliyHieian, who has clearly 
cbmoimtraUsd that only tlm inicrohes the air, or 
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tlioso of tli(3 orifuM; nf tin* un^tlirn, mi pruflticB tliis 
furineiitation. ila*. laUiM* inv always c*arrH^<l <>11 

l)y the hrsi disrliar^^e af urine, only ilie seiiunil por- 
tions of th<‘ Fniiitt-ed li<prnl should he. collerded in 
a perfetdly clear vessel, wlneli lia.s been sterilized, 
or, cand’ully freed fi‘<iiti all atiuosplnude The 

vessel slioidd tlieu put imdi.T a i^lass shn<Io to 
protect it from lhi‘.>ne ;.xenits, and if all projan* pre^ 
cautions are ia.ki*n, tin* uriiut will remain (dear and 
iicdd for an indellnite time witluFul'. nnder;,oiin;Lf am- 
moiiia('al fenneiitation. If afterwards a little plu;^ 
of ainiantlnis, whieh lias heeii previously sterilized 
hy lu‘at, should he introduced h^^ a .small pair of 
pincers into the utMUlira to a depth of twr^ ee.nii- 
metres, and then dropp(*d into this nniransfornM*d 
urine, it will soon Ik^ transforuied, and nnderoo a»a- 
moniaeal fermentatiim. Uiit if the jdn;^ rd* amiantlitis 
has hei*n steeped in an antisi'ptie solution (diluted 
carlKdie aeld) heforii hidn;;^ introduced into tluj urethra, 
it will tiot produce, Uiis ferim;utati<uu 

VIL lJUTVittn Kmumkntation' (*f IU^ttku^ (’ukkhk, 
AHU MtIJC. 

Butyric fermentation follows lactic fertnentation in 
milk, butter, atul (diet,‘se, ami it is Imtyrics acid wliUsh 
gives to hutt(ir its ramfid tosto. This fernumtotiou 
also occurs in s^^wfliarino suhwtauces, generally 
in all protoid siihstariccs* 
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Pastoiir has ascertained tluit tliis iV‘rin{‘ntation 
results from the (l(‘V(*lojnni*nt of a wliicli 

iakt'S tlie form of ininuto eylintlri(*aJ r<*ds, nainded at 
their (*xtrcinitios, usually siralyht, and (dtlier isolated 
or united 5n chains oi two or iiion^ arti<*nlations. 
Tlujse rods are alsmt two mi(*rt>-iniiruntdn‘s in width, 
and from twf> tt) twenty mier(j-inillinn‘t res in h‘nf^dli. 
They u<Ivan<io witli a !;dulin*^ motion, are <d"tt*n curved, 
and pi'esiuit sli^^ht nndulahicms. They are reproduced 
hy ilssiruL These eharaetiu’s are those of the ^tmus 
hartillus. 

(/ifitfpfhtfioit, of df/V/r; fVovw.- The coa<ndation of 
milk is aiiifleially prtslue<»d hy rennet, the liquid 
secrehsl in a calfs .stomaeln Huinan i^astrie juice 
jmjduces the same elleet, and the milk intrndue(el as 
an aliment into the Htonmeh is nev<*r dijL'e.derl until it 
1ms keen eurdloil, both in rddldren and adulis, Thn 
articlmke llower, ami other {dants of the of^nus t/or* 
will also curdle milk at a temjeo’atun* ht*tH(‘en 
ami rdf’, Itf is |u‘ohahle that tlds 
^ \ atdion is dm* to tie: preM ucf* of an 

^ or;jfHniznd ferment ^^aniinal or ve^e- 
iv m.^uaouunitmif^ hddo Cells), which hi*re sujijdh'H the 
tdaee of tlm mlerolMf at lactic fermen- 

ti;ri nt th fti^^ , 

( Inn 1/1 On ulitf ^ m. 

It w with nniiKit, <tr w'Hli tlm .'‘till tnorf a/itivo 
liquifl prcjiluci'd hy tlio iimnTJitiitn t»f t.lm ti'nliclo of ntl 
uiiwcani’ii ciilf, that tho«n c1h*<'hi>m ar<! niinh* whioh 
iM>»HiHt only of curd, hothul or imhnilfd, fit^nh or fer-* 
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inentcd, and (d^tainfd fnnn tint milk of cows, slioop. 
or goats, Hkimiiiod <tr uiiskimmotl, aceordhig to the 
kind of cdiees(j diJssinMl* 

Svvt^et-inilk cheese do iir>t differ in their coniposi- 
tion from those of eurdh^d milk, Tliey ccmsist of casf^in, 
albuminoid matter whicdj <;n(d<#sf*s particles of butter : 
the litpiid residtie is tixs srunuu or whey, which c<jn- 
tains lactic Jicid and mineral salts, 

Cheese, strictly so called, su<di as fJniye.rc and 
Ihapiefort, only diller from Uhj forc'grdng Ix'cause tlu‘y 
have been expose.d for a sborti^r or longer time to tb<j 
action of the air, and of tine microla's suspended in it. 
CIkswo is first oxidiyietl under tlm influence of tin* 
(»xyg(ui of the air; butyric and cv<‘n alcoholm fijrrmm- 
tation Kf)on follows l«*ictic fermentation, together with 
tho disengagement of hydrogen and of putrid ]u*(o 
ducts, 'whi’U the, nctif*n of the ferments which tdlect 
these transformatioriH has gone on too loitg. 

In onler U) obtain the, differimb kinds of cheese 
which t!omc into the market, they are exposed to the 
weather, gruicrally in holes wldmli have heett excavated 
in the rock for this purpose, on a Insl of straw, or 
sometimes partially covered with it, until the ehcoHe 
is ri|m ami has attained the ilcHireil tjunlity. 

Butyric and ammoniaeal fermcnhitioiis lead ns 
directly to the study of putrefaction ; that is, the for- 
mcntabioiii of dead organic matter. 
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Yirr. rirTiiKi'\\(Ti()N, (m the Kr.UMi:xTATr<)N ok 
JlKAl) OkoAXK; MvTTICU; a (JaMK KlAVnni. 

Ilio of animals iist^l for loixl is said to 

filffk \n tlui iirsfc alit'ndion whirli orcurs \vlu*n 

it is left to iisrlf. Pastonr <loos luit holiovc^ that tins 
is ]>i*o<lu(!tMl liy tlio int>*rv<‘ntion of iltc, f<‘nn(‘nt.s 
of tla* air, altln>n;;’li this is ihi» willi ila* jmtrEdkc- 
liciii wlurli follows. Ilo tliiiiks that it hmtoI^V rosolts 
from ilai mdion of what an* calh'd ru/nhh* or voftnuti, 
(hniifids in tin* scnim of iho meat, nml that ili(*ro is 
n ali(‘mi<*,*il, reciprocal rejiHiori of the hquidsartd nedids 
which arc withdrawn from (.hi* normal nciitm of vital 
nntritium This explanation is minpted tf> salrdy Uhjso 
epicures who have a taslc for hijjfli ^eum* and not for 
microhtts. Vet it is <*erta!n ilnit this emidition passes 
into true putn‘faction without any ahrupt transition, 
«.nd W(‘ know that innuedintely after death the rnien^hes. 
whh'h penetralo cverywh(‘r(% take poa*.i\Vmn <»f the 
animal iiHHUr‘H and he*.{in their work of destruction, 
Wlum flesh is hif»h, it is tlien'foro pro}*iilde that it 
is in the first of pntndaction. 

Oauticr has made sumo experhnenfs on the hu 1>* 
and hoids that this condition Is eertainly duo 
U> the action (»f microhiis, and consf^tjinmtly to ;^erms 
in Urn air. hi hmt, moat which is {daced in a K(ddorod 
and air-tijijfhfc east^ after it has h(*mi depriverl of gomm 
hy a suiialdo procesH, i» devohl of any htyh odour at 
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the end of six months, and is as fit for food as freshly 
killed meat. 

However this may he, meat which is high is 
n.snally not irijuriims, while putrefied meat produces 
diarrhn;a or still m(»ro serittus illness. l)a\’Hine has 
shown that the septic properties of dcicorapostsl bloo<l 
are not removed hy subjecting it to a temperature 
of lOO”, which d(!.stroyH the microbes, but not their 
gtinns or spores; for the de.struction of the latter a 
still higher temperature is necessary. 

For a long while it was believed that the putrefiuj- 
tion of dead bodies, and of albuminoid substances, 
cither animal or vegetable, which have been exposed 
to a moist air at a tempfimtim* of from 15“ to 30*, was 
mcHily due to the instability <»f the organic compounds; 
those, when hsft to themsolves, tend, under the influence 
of oxygen, to pnpdtice mont stahh* compounds hy dis- 
integration and Hueeessiv(i oxidations. Fiusteur has, 
however, shown that in this case also there is a truo 
fermentation; that is, a decomiswition pnulnced by 
Uie vital action of certain microbes. 

In genera], wh<«n (»rganic animal snlistanooa am 
ex[H>Hed to the air, they are In the first liistanco 
rapidly oovokkI witJi nmultls; they lose their co- 
herence, and after the Ia|iH«i of a few days give ofiT 
fetid effluvia. Carlmittc acid, nitrogen, hydrogen, 
oarburetted, KulpiiurettcKl, and phosphorettott hydro- 
gens, are freiily disengaged, and at the aame time they 
combine with the oxygen of the air. The microbes, 

l 
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whieli appear nimulfcanetaisly with the mouMs, pene- 
trato deciply into the tissues, disiiitef^rate them l>y 
feeding at tlunr exponso, and tin) putrid ('onrlitiou 
inereasiss; then tlu^, dceoniposiUon changes Its natuiv 
and hoconies less intense. The patndi(‘d matter is 
finally desiccated, aii<l leaves a hrown mass a eomphjx 
mixture of suhstances coml)ined with \vat(T (hydro- 
earhmis), and of fatty and mineral snhsfanees which 
gradually disap[K*ar hy slow (oxidation (fhnttier), 

Pastmn has ascertained, from tlie micniscopie 


hIm* ti 

Yii h d i 


I |l» l/J. '^1 nt nf ‘Of 


■siuily oi* Uic. {iliftioimitiii. which occur in .-iti iitCtimoii 
(tf jinliaal inuUisr in |iroc.cKM of <lccomjMHi(i(jn, tJiat 
tuic.roht'H appear in if in tlio of ololiuh-s or 

Khort rocla (iifhowoflruK, Kiirfcrltnii hriim, Ittmiltii)*, 
etc.), which «ro either froo or eolicctcit in a wnii- 
imtcilaj'inoUK tnaHH, to whicli the Hpecial njtino iuot/lmi 
waH at iirHt pfivcTi (Fig, <i2;. Thiwo microlM'M rapidly 
(Icprivo the licpiul (»f all ita oxygen. At thi) wwiic 
tima a thin layer of mturiUnmi oiul t>f hacturia h 
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found on tlu* surface, wliich al-^o absorb tins gas and 
flo not allow it to peuetratfi into the ]o\v<.‘r part of 
tlio ]j(iuitb 

This lirpiid now becomes ibo sent of two v<*ry 
distinct aciitnis, In its iniorior, vibrioiies succeed to 
tlm free globiilf's ami zoufflottf, of which tlu‘y u])pear 
to be only a lngli(*r stage of transfonnfifiiui. These 
microbes multiply ami clumgo tim albuminoid matter 
into more simpltj substances; insoluble cellulose, fatty 
bodif^s, and gaseous putrid iuatt(*rs. Meanwhile, the 
uiicrolstH on the HurfjMte actively consume the products 
thus devclopc*.!, tra.usfoniiing them into carbonic 
nitrogen, and tl»e oxides of nitrogen, etc, ex- 

]>lainH why, when tliero is an hisuHieieiuy of <»xygtui. 
putri^faction may hehe*! Is^gin; but it languishes, and 
is finally arrested, 

The cniiHc of the* fethi odours which escape from 
putrefying iMslies ami HtjuidH is not well nmlcrsttH^h 
It may uscrihed to the disengaged gnst‘s (carbureUed, 
phospborctt(Hl and Hulphiircttcil liydntgen, and anuno- 
niacal compounds), and U) tlio circulation of d(‘«om- 
posing organic particles, \Vn also tind formic, acetie> 
lactic, butyric, vaktrinnic, an<! ciiprotc acitls, generally 
combined with ammonia, and the fatty acids which 
aro one result of the successivo diHiatigmtions of 
albuminoid mattem 

When these gases are disengaged, a sniwtanee 
remains which may be (Kimpared with hmmm, or 
vegetable earth. It k rich in fats, in earthy and 
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fimmonijical Halts, anrl conscqut'ntly constitiiies a 
strong manuru, very fit to servo as Ibe nulrhiicnt of 
plants. 

This is at once the heginning ami the termination 
of the on<llo.ss chain which sustains the e(iuilihrium 
of nature, in which there is no creation, no (lestmetion, 
Plants draw their luitrhnent from the soil ami the air 
in the form of mineral solutions, ami are devoured 
liy animals or by other parasites; animals are in tlieir 
l)im ilevoimid hy microscsijnc jdants or mierohes, and 
return by means of pntrefaetion to tlio (fondition of 
mineral salts, wliieh are <listril»uted in the sttil, and 
He,rv<! anew for the nutrition of plajits. 

We must at the same time l»o struck hy the 
rtwemblance which exists betwec-n these jihenomenu 
of putrid fenm!Ututi<m, and those whieh oismr in th(‘ 
fermentations which a«'eoin{winy the nutrition of 
animals and plants, (lermiiinfioii and the diffemit 
dhmstions whieh <s:eur in tlio mouth, the stimMUih, 
the intestines, «‘t(‘.., are only fermenhif ions, so that 
Mitsclierlich has paraphi-awsl tlm Herlpturo saying, 
“Dust thou art, and unh) dust thou shalt return,” 
by duelarhig that " Life is otdy a comiptiou.” 

It should, however, be remembertsl Unit fennenia- 
tions are essentially phenomena of tliHhitegmtion, 
which always rediuie complex, organic sulwtancfei to 
those which are simpler. Plants providisl with 
chlorophyll <m the otluir hand, alone ptwmsss the 
property of forming higher orgimie tiompouruls, by 
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the aid of purely inorganic sulistanccft. Aninials and 
plants (lcvoi<l of clilorophyl get their mitriiueut by 
iimnaking the complex Hubsiancifts elaborated l)y the 
green ]>arts of plants, and these act in the same way 
for their own profit in those <u*gans which have no 
clilorophyl j as, for instance, in the seed and embryo. 


IX.— ARmnuES Axn AxAknoiHKs. 

Wo have 8t‘en that microbes, at different epochs 
of their existence, anti in aoctirdance with tlio nature 
of tbt*ir environnu'nb t?an assume very diverse forms. 
Thus the organism, wliieh at first apptws In tlui form 
of glolmles either istdattMl or nnittsl in 

more or less nuiJi(*rtmH (jolonies l)y a kiml of muci- 
laginous envelt»pe (XiHH/lora), wluui it again hectum^s 
frees, may h<5 ehmgah'tl in tht^ shape of tlm hgtirc M, 
wdiich is formed of two tsdls al^rmt tt> st^pamte; or 
a large number may he incUnled in the form of a 
straight, articulatt^d rod (JhioUrivm), ov hi a rod 
which IB curvetl, waved, or oven spiral (VUnio, 
tipirUlmtif (iipironhwk)^ always more or loss imdnlej 
or, again, the colls may form long, stf^tioiiary iUamontB 
{ItaoUlm)^ eta. 

Bo also the liahitat an<l mode of life divide the 
microbes into very distinct classm Some can only 
sul)sist when they bn^the the natural oxygen they 
withdraw from the atmoepheiia j they can only exbfc 
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on the surface uf Ihiuids, or of the ori^anic suhstaiici*M 
on which tlifiy fta*ih llicho anj ti'nuotl anvhion^ 
or €oiisnm<‘i\s of air. Others, o;:^ain, eau live l>i*n(‘aUi 
the surface of liquids and in liviii^i^ ort^iinisins, or of 
those in process of deconipositiou, and tiuist necos- 
sarily d(‘riv(‘ thcoxj^jfeit necessary lor <h(*ir ri‘spira- 
tiou from the oxy;j;’enattMl suhsianees in which they 
an.* loimd. These are li*nue<l oaforo/>oK, 



if n( n 


\ t\} 1/1, VtKfift lu Ilf ' ' Ilf imi i*’i 'f»i» I iiiu» 1i niihrp'fU 

This distinethfu an<l tin? theory on w hifrh it n lies 
have been iutnuhuo'd into seituuMf by Padeur, and 
they ajipf*ar tf> be foundiMl on ol>s<*rv«sl facts. Thus 
Harfeniatt, fvrtito^ which lives on tluj surface of ptitro- 
lyin;:^ liquids, is an arTfihie; wdiiht Vlhvlo rmjuta 
f Kig. which lives hchfW the surface (d* tfie Ihjuifl, 
Isdow the layer formed by tiic. lUivlt tuma is an 

attaerolfle, and derivifs its oxy^^en from the wmter or 
solid matters which are found in it in suspension or 
soluti(»n, and even from other iai«roht*s, Ho, aj(ain, 
the yeast of supcfrior beer is an aihffbie, ami the yeast 
of mferior l>eer is an anabrobic, etc* i^aul Bert regards 
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the corpuscles of tlui l^hxjfl, and the cells of ■which all 
our tissue.s c<uisist, as true unaiVeihic inier<»h(^H ; so 
likewise arc tlic microhes which, wlicix introduced into 
the blocsl, ani tlu*. catise t>f certain dis(^as<tH. The 
important conscquiuiccs (»f tliis fact, which it is neces- 
sary to notif, will appear prosontly. 


X— The -MK’KonKs r)i»* SiTL?iiruni:s Waters. 


The formation <tf the* sulphurous springs whicli 
are so numerous in the. Pyrenees and in other parts 
of France, app<‘firH to hc^ due to the presence of small 


algte of the family Onctl- 
hUotia, fuul of th<^ j^eiiera 
OndUa/ta and 
(Fig, 04). TluiSii mierobeH 
are of tlu^ same «truct\u*o 
as those of which we have 





rig. kKlf'ffilni nt 

nptlUKH. 


BpttkHU abovii, Imt they coiitiihi chlonijihyl, iind alHi> 
a blue colouring miiltor. Tliuy ur« placed in tlin 
group (’if<iuofihi/mti, whicli, iiH Zopf Udicvi'H, cuiitaiiiK 
HpocicH tliat an) wuiutbinum grc(>it, and HotueUtitoH 
(jolourJf’SM, like JUirUhts and J^’^ttuthriis, wtiiuh they 
lOHirtublo in thidr niotlo of roprwluction. 

Acconling to Louis Ollivior, tbom} nJIgjii reduce tho 
HulpUabc* of wafcorf) chargod wifcli nttlplkato of liino, 
transforming thorn int<i awlphur. TJioy evou aoournw- 
lato sulphur in tlmtr ccllii. Whoa nutphur k thuo 
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abuiidautly supplied to tlujin, tlu^ niinrobes are voij 
mobile; os soon as the (puintlty of sulphur diminishes 
they b(‘como less inobili‘, ami reconsuino iho sulphur 
tlu‘y have stored up; finally, they Is^eonui quitci 
motioiih^sH — a phoiiomenoucDncxHiiitant \\ Uh tlie forma- 
thm of spends. Within ea<5h cell of tine fllanumtouH 
alfja there is a minute sphens hrilhant and refractin^r^ 
of which the dev(dopment is in inv^ersn ratir) tt> the 
(luantity of sulpluir in tin* surrotnidinj^ iHiubl These 
s|M>res h<‘Conn'- free in tlu^ form of cha.pl<‘is, after the 
4l(»struetion of the c(‘ll-vviilh ami these chaphits are 
preeisely like those of /ittrllhtH 

Idanelmd was tlie first to wlsuo it occurred to 
l(H»k for a special ferment in t\u\ i/hnrifff* or httr/j/hte 
which may lai stseti flontinj; on tho Hurfiwre of sul** 
plmroUH vvatruu He showed that one gramme of car- 
isdie acifl to a litre of arrestM tin* reiluction of 
the sulphates into sulphur, and that this reductum is 
re-HUmed as soon fis the carbedic mfnl has evaporated, 
Six f,frammeH to the litre comph^tely destroy tloi 
iftdphararUi, as tht^si' alyni are termcfl by Ilancliml 
This olworvor also perfiirnuMl experimexits which 
hid him to Ixdievo that the same aloa* will reduc'c 
gyiisum to native sulphur, and that the vast deposiivH 
of sulphur found in c(*rtain regions are ilue t<i the 
twiiou of this microscopiij plant. It is now %ve|t 
known that a chemical acftion of the same nature, 
tlio production of saltpetre, is the work of similar 
inierohe& 



MICBOBEH, OE BACTKEIA. 


121 


XI. Tub XIicufutKs wiiicir peobude Saetpetuk 

It iH kiiriwn that iiitn* or Haltpctrc, i.e. jtotns- 
sinm nitrate, is i>ro(lu(*(«i in ilaiap place, -i where *1(- 
conipoHiiiff animal niattor is iimtel in contaet with 
carbonate of potassium. It is fnumi, comhiiujd with 
other salts of lime, soda and nuiynesia, in stables, sheep- 
folds, cellars, in the neigldsmrliood of urinals, an<l 
in the earth of some localities (P«srn and Chili). Its 
industrial importance in the manufacture o£ gun- 
powder, (!tc„ has led to its collection. Fonnorly it 
was extracted from the plaster of old houwss, or from 
artificial nitre works which coirihined conditions 
favourable to its producthm. Nitrates are produce*! 
by the giwlual oxhiation of the ammonia furnished 
by animal *ix<!retiotm. For a long while it was sn[>po.si!d 
that this oxidation was simply duo to the iuflueneii 
of porous bodias, sue.h as earth an<l stom* walls. Nltrit*. 
acid was produced, then nitrates of lime, {mtas- 
sium, etc. 

The rowiarehes of Iloussinganlt, Schluwing, and 
others, have now tiiught us that this phenomenon of 
organic chemistry ia due, like many others, to the 
vital activity of one or more species of inicrolx), 
whoso invariable presence in the natural or artificial 
nitre-works has been ascortained. These tnimbos arc 
atirobies, i.a they only live and work when in contact 
with tlio oxygen of the air, from which tlmy derive 
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i»uitcriaLs ftn* efrf‘ct)iii^ oxidatitm. This ivS im<»ther 
instance of the part p]a3'(‘tl l^y inicr(»b(‘s in artiilcial 
Itfrmmtation. 

(iayrai and lKdi<*v'(^ ihni., hi addition fo 

the inierohoH wliirli produce Tiitre, iliern aio others 
which docoinjiosi* tlie nitrates ju-iMlurul hy tin* forincn 
When nitrate of pidji^sium is [)hus*d in (jultun*- 
liiinids, <lraiu-wat(‘r, chickt‘n-hro(h, etc., it disappears 
rapidly undiu* the action of these niicro)»es. Under 
favourable c<»ndition^ of temperature and environ- 
ment, culiun^ mif'robes ilaily reduce one ]L(rannne f>f 
nitre to the litre. This decmiiposition causes the dis- 
en;ira^^'im*nt «>f niinr^eii, the format ii»n of ammonia 
and caihiaue acid, wliich latter remain in sfdntion in 
the form of bicaihonate. (Sayou and Unpetifc believe 
that this fact eKpIabis certain (diemical jdamomena 
which occur in the soil, undt*r the, inlluenci* (d‘ manure 
ami water. 

Thus fntnh discovcrif*s sla^w more clearly every 
da^** the importance of ilu^ part playetl by microbeH 
in nature, A^nnmilture, manufaetures, ‘{eelooy, ami 
cbcmiKtry must take them inb> aceomit, since tiny 
art? the active aftents of a of jhemmuum 

which Itave liithtjiio l>t*eu obscure in physics, 
chemistry, and physiology. 
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XII Thk MicKoiiKs wnKia dkstuoy Euildinu 

ilATKKIALS. 

The ol>s<‘rvat/HinH Fiirizc*, diivcHor of the 
ayroiioniic slatiun, Mui*laix» lend to the belief that 
luicrobca, whleh fh*.str<jy dead bodies and ellecfc sneh 
vnrioUH transfoniiatiijns in iiatuns not only attack 
the beaius of <Mir houses, as we have aln*ady Hcen, but 
building materials (»f an inorganic nature, including 

On one oecusion, wlien Pni'lze was examining some 
mmvdhi4W whi(‘h had Vf*geiated on a bri(!k partition, 
in a closed arid s(*mrnvhat <lunip recfess, he mdleetl 
blisters on the coat of |il?i.stcu*. He broke oiks of these 
blisiers, and a tine red ihist, ermsisting of |>ulveHzed 
brick, issued from It. When plaessl iis the mirn#- 
scope, tnider a niagnirying p(»wer of about IJOO 
diatnebu's, he saw, amid sebistoul frugituuits, dia- 
tomaiiuu'je and sillclousalgio pertaining to the original 
clay of the bricks, an immense maulH*r living 
nucrobes: mie.ri>coc<um, bacl«*ria, nm^ebn^, »i,nd ciliated 
spores of algae, moving raphlly in the drop of wat<!r 
used b> moisten the dust. Some of iliese were in prm:ess 
of budding. Tluwe organisms exisbsl umh^r a coat 
of five to six mim of plasttfr, and even of 30 mm. at 
the bottom of a bok^ pierced by tlie bmeo; but in this 
case they were less iminerous, in the proportion of 
two ti) tlum The gcniia and spores wbioh oxbb 
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in air and water may, therefore, l*n indt^finitely 
preserved in a protective nuMlluni, such as a brick 
wall covcn^l with plaster. Tiny are nourished at 
ihc! expense of the aiiunoniacal salts whicli are found 
in the air in a gaseouR stati*, and which an* iix<*,(l by 
atinospluudc moisture, and it is ])rohable that tluy 
deriv<^, little nutriment from the stdid matiTials in 
the. midst of which tluy altluMi/^di l>y their 

increase (lisiiit(‘f(ration may luisms HeiuMS especially 
from ilie liyehmic point of view, it is so important to 
disinleet the walls of hospitals, harracks, stahhss, ek., 
hy scrapino and wlufewashin^^ them, 

Tarize also beru‘ves that nruu’obe-t may {»erform 
a jj;eolo^dcal jiart in nature hy disinteoratiiii^ the 
hcliistoid rocks which eiit^’r into the constitution of 
urnlde soiL Hut we are now speakin^^ of tiiimduss of 
oripfin, since tlm tiuiiperatun^ to which clay is 
stdyisited in onhu* to make ml hricks would certainly 
destroy all the mi(U*olH‘s and their 'fliis is not 

the caK(^ with the microl»es of chalk, which, imeonUng 
to ULlchamp, are of very anchuit orij,jin. 


XIIT. The MtoitoHUH oe Ohai^k and Coal, 

Bd(dmmp*s rcsearelieH tend to sh(*w that !nierolH».s, 
whi(;h ho calls mitroz/jim, or Hnmll ff^rimikis, have an 
almost imiefiuite term of life. We know that chalk 
cci^iatH almost entirely of the i^utmtns of the calcarcoua 
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shell of protozfiaria or microKCopic animals 

which lived in ineal(*ulal»le nuinhers in tlat setts of the 
secondary tuid which niill live at the Imttoin 

of oceans. Bechainp holds that the organic substance 
of these rhizojjoda, or of the microbes which live in 
their rnidst^ has retained its vitality in the inass of 
chalk, sinci'. a freshly cut j)iece, taken fnuu the quarry 
with all possible precaniions to exclude air-g(jrms, is 
able to furnish microbijs which inultijdy rapidly in 
a favourable medium, atid producer various fenncuita- 
tions. We have aln^ady wsui that bacteria germs 
resist desiccation, h(*at, and all kimls of destructive 
influtmees, and remain for a long while, even for 
several years, iu the condition of dormant sportm; 
but the exiNtenee of Hi>orcM of the same kind in chalk 
of th(» HtKuinclary p(^ri<sl indicates a still morcj sur- 
prising vitality, It is not, however, iimxfdieable if 
wo suppose that these mie4’obiis pass through 
Biiccessive periods id* activity ami repose, and if wo 
compare these facts with those presented by the 
microbes of saItp<*tro, of mineral watei’s, and of the 
anatirobio microlsis, which are able ti> live when 
deprived of the oxygen of the lun 

Bdehamp wan tlm first to obseirve Urn presence of 
granulations in coal, which appear umler the micros 
scope to be microbes, Tliese init5nd>cs nnmt be fat 
more ancient than ilma u( chalk, but they bare loit 
all vitality; it has Isjon found impossible to develop 
them in infusions^ and to obtain fenncntailami from^ 
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But ilii.s cannot ahvaj’s liavn la*<‘n tin* cas^ 
and it lias boon sui)[)oseil that tin* i>hf*noin(*non of 
CiMtl forniatioiLS, still .so ohseurt* and st> varitmsly 
exi>Iaiucd, was, at any rah*, partially dne to iho 
physiol oji^ieal lahonr of ih(‘St* micro) ir% and com 
sr<|Ucntly bclonj^^s to tliu class of icrnmutatimis. 


XIV. (hnioMoiiKNnj 'Mit'noisns. 

In addition to tho colourless microhes, such as arc 
nnut of tiiosi* \vc huv<^ hitl»(*rio con.iiderod, there arc 
others r('inarka,)do for their \ivi«l and \‘arleil etdours, 
which betray their esisfeuci* to the leaMi pnu^tiseil 
(yes. Many of tltcwo niieroh(*s attaeU otir nlimenlnry 
Muh.sianc<*s, and shoidd thf*reforu ho known to the 
munulacturer anrl hy^^ieni d., sineo ihp*ir net ion on 
the human syst(*m is often injnrioUH. 

Many plieiioimoia which have, struck the ima/dna- 
tioti ignorant and ercduloiH people are, nu'rely dm* 
to tlio prt'seifico of these coloured micndics, In IHllI, 
a pfjasant of I/iouarit, mw Padua, was iernlicd by 
the of hlood-HtiuiiH scatieri’d over sonu^ poletda, 
whieli had been made and shut up in a cupboard on 
the prtivifum cvcnirij^. Next day similar patches 
appeave<l on the hn^ad, meat, and (dhf*r artiides of 
foml in the samo (uiphriard, It was naturally rt*j,{arrtcd 
m a miracle and warnine' fnun hf*aven, until tho cim 
Iiad becii subiuittud to a Paduan naturalist, who oanily 
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aseorfainod tho prt'st'nco a inirrowfopic \\lii<*h 

Elirctiila^rg liktjwi.se fotind at JiM-lin in anakignu.s oir- 
cunislanctis, ami whirli lat naia^d 'j/roifJj/ftmr, 
At that iinm all inh?r(»lu*s coiiiuinah'd in tlm 

Movifil grnuH; wo now i«‘nu it ’MU'rorow.un prfh 
It has biM*n r)hsor%oil not onl^" on hn*a»l, 
Intt on tho Host, on milk, past**, and on all alhnontary 
or farinacMMms Hui>slant*«M oxposod io damp boat. 

This microlm has hotfU rooantly studh'd hy TlalMni- 
liorst, who (hadaras ihai it is poljnnorpliic, and has 
raecivad a numhor ordiflhnait namoH; l^tdtndla mirl* 
/hitti Zt}<iii(thw.U intdi*oph/,f,, 

which arc. only variotips (d MirhHUfmts juuttlfflhmttH, 
rn<Mlifh'd hy Ukj inodinm in which it is nonrinhiMh 
This ohscrvcr md-icittl its .'ippcarnnca <*n ooohcd moat 
kept in a collar, Thf‘ sphcriral (sdls, oxnmimMl tmdor 
iho inicroscojw, \yim shown to ho filled willi a reddish 
ral, which gava» them a pi*ach-hli>ssfnii ti!d«, ami wlmn 
tranHlhrr<‘d U* raw meat they assumed a splendid 
fuchsia colour, resemhling spots of IiIikmI, This plant 
is only developed in the dark, and the nitrogen 
nceesMary for its nutrition must Ih^ ilerived from the 
air> oHpeetally when it is develop«.d on bread, the 
Host, (dfO,, in wliieh nitrogen 1 h dfdieiiuifc. 

When it is said b) rain hlood, this phenomenon is 
likcwmij due U> tlm presence of a minute plant, pndv 
ahly Rimilar to that winch oft(ui gtvim a red tint to 
ponds and reservoirs tit autumn- Tins microNCopie 
alga appears to be tl»o one discovot^d by Eliroinberg in 
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IKSG, in a Htreaui near Jona, and wlucli he named 0/>A/- 
ilomoms jetiensh, or HtnujttitKV <>5). it, is» on 

account of its form, now placed in tin* ; 4 enns 
Like many other plants, it readily pass(*.s from ^reen 
to red. No one is Hurprlsed hy the <;r<'(*n scum 
wltich covers rt*Mn*vf>irH in Mninner, since it is so 
comrn(m; hut wIkoi this cohmr clunm^es, ofti^u in a 
single ni^ht, and passt^s from jLfr(‘en to rf*d, th(‘ «*uu*<*uh“ 
tonutd tint ^^vctitf‘s won<lf*r, althou^^h it is caused hy 



FIik;. ftJli "*• ftidiithmtfmiit ifttnifniintf mI I'iK- >< *‘t 

wtttrr iy iiuiK^aw il f < in ,s^niUt »l t 


th(( Hamit jilarit which was jcns-n thi* iky hi'fim*. If 
there is a tiiHnilcrsturni or w’ati'm{Krtit which draws 
up the red water from tin* ponds iitid riiHi*rvoirn, and 
diHchargcH it in tho form of itain on thii surrounding^ 
country, wo hear of thri [duMiomcnon that it mins hhsKi, 
and it would Im« easy to find in tlio drojis of rain tho 
roildish microlm which impark this colour to thorn. 

In northern rc^iions the snow is o{V»n tiiiftitd with 
tim colour of hloml hy an atialojfous JI/w’/’oijocbms, which 
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prosciits t]i(i same transition from to rcrl 

OO). (Jreon-tintod snow may ht* fouml adjacent to 
the red snow, an<! under tlie microscs^pe it dis]>lay.s 
minute ^^n‘eu .i^didmles, hleni icul exc^^pt in ojiour, with 
those of the red-tiiit(Ml .snow. 

The variety of eiflour in these microhes is extnjinc. 
Micnfmrtis an colour to 



Fltf, #7. mlcr«'h*'«f Wiw milk (NflOwti) U 1m iiroUihli* 

tuHi Nt'Vr rinl 4tifrr<«ii( tMriiri 4 ir*i ki*r»' t'rmturi'4 iintU'r UiIk 

broad atul «>sfgH ; M. chJorlnim w yniSH-groon ; AT. q/mi m 
w of a boaiitiftil aziiro bluo; M. i« violet or 

lilac, and M. fidvm ia niHt-eolourod. Tlu^xe have all 
Iwon obworved on food. M. mndulw forriiH little 
'white i»iU‘.boH upon ohoow. 

Tlie gotniH Bacteriiiin alao furuiMltoa its eontingimt 
of euluurud spootoin; euoh are mMiliintim and 

It 
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JL oyanor/rniLm, which ^ivo ro^pfH‘Uv«*ly a ycllov^i 
ur hhu^, colour to milk (Fi^. h7}. i*t‘aMuiis say tlmt 
au evil eye has been ca-^t upon tlei milk, }>ui it is 
easy to prove that the devel(>j>iu(*nt liaise, mierohis 
is duo to irnperleel eli*ansin^ ol* tht‘ tin milk-vessels, 
sine<} the discolourati<in ceases wlien ^^nvater care U 
taki‘U to wash and scald tlu^ V4*ssels. 

Brea<l oHen displays microscopic ^n*o\vihs of a 
dark i^O’ceu or oran,t(<», c^dour, uml in Ihis strife it 
eannot Ixt introduced Into ilm stomiieli without 
danger. In tlio lirst case it is llttt^frrhnu 

in the second M'lct’tH'nmtH oe/v/a/o/cas. I’lie 
hadly made and laully linked bn^ad of the Frencli 
]n*aMants, which is often kept for a fortnight or nion*, 
exposed to the. iiudHtiire lUid lu'at which favour the 
d(*velopment of thesii mierohes, sometimes displays 
the first of thesii changes; the si^eond is [lartiiudarly 
common in soldiers* hreiul, whir*h must liki^wisn he 
Iiakcil several days in advance, nml which is conveyed 
in carts (‘X posed to tins weather. Megnln recently 
observed a cryptogninic growth of fhis kind on the 
hr<‘ad distrilmtcd to the garrison of Vincennes. 

The spores of these microh(*s ari^ found in flour, 
and ritsist a temperature of while they are 

destroyed by that of 14</\ 'riiUH fliey m*e no longe.r 
fonml in the crust, of which the temperature nsiis 
to 12(K)'* ; hut may easily sulislMt in the much lower 
temperature of tlus (^ruinlx Hence the necessity of 
only using flour perfectly free from gf-rma» 
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Tbf^ puH i>f \voun(Is lA oftrai enk^iTirfl lihie by 
an TniuronoiTUs <*i* wliich tli<* pn^topluHin Is 

colourleyH, but wliirh nuik^^s a matter 

ealktil pjforj/ff ami ilii.s a liUnt tint to tliu 

\int and biuida^'i's UM*d for <ln*>siiiy ibc woond. 


XV. Tmk Mr<niniiK or BALf^NKSH. 

In addiiif>ti to tin* ninaaronH parasitic fun;^i of 
nkin oi» which tho hair *^rnwH thickly* which avo 
have alrcjwly noth-cd, ilio Imnian hair ia afctackcil 
hy a tnuj microlH% which is, accordinj^ to the rc- 
HcarohcH of (indiy, Malasscys anil 'I'hiii, the canno rrf' 
Aloperia iimthtj one form of hiddnim Tlio paraHitc 
has the appearance of 4a micrococcnH» and jK‘n<drat(5H 
the interior of the liair, wdurdi Ih, as we know, hollow, 
The hair nmni hi* made transparent hy pidash, in ortlcr 
to HOC Um mlcrf>he. It prohahly penetrates hotween 
tho hidh and the hair-follicle as far as the ror^t, m 
introduced into the liair, and inultiplics and ^yradually 
vmH lli^.^lu‘r in it, until the Huhshineo is diHoroanis^etl 
This inicrohc haa been called Badedmifh dacahmitt. 
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CIIAPTFJi IV. 

MK'aniJKS OF TirR DISiaSKS OF Odil IKIMRSTir AVIMU..S. 

1, ANTIIIIAX, oh Sl’LKNIC KlA’RIl. 

T[!K first of tlio vinil<‘iit ami <li.si'nKc« in 

whioli tli(! of H tuirroim \Vfi.s [)o,sitivnly 

OHCjortaiHoil vviis aiitlirax, or .s|il('i(iii A'vor, whirh 
attarks riiost of otir lioriiod animals, and crijH’aially 
rabtlo anil Hlump. 

Ah (lariy as l.S.'iO, Davaiiio Itail oh.s«>rviiil tin* 
proHonoo of luirmti* roils in Urn lilooil of animals wliidi 
ilicd of Hplonii! fovrr; Imt it wiik only in iSfLI, nfli'r 
iVistfuir'K first roHi‘ar<!li('s into tlio part playwi Ity 
init'.rolKiK in fnrmimtatioiw, that Davnino snsprctisl 
tlirso roils of hiiin)^ tho aotual canso of tlio ilisi'asi', 
11(1 iuoimlatisl lioalthy animals with tho taintail hhmil, 
anil thus ascmiainiwl that civm a very ininuto iloso 
woulil proilnao a fatal attack of tho ilisoami, and th« 
roils, to which ho ({avo the iiamn of IhtfU'vhlUt, could 
always ho discuvorod in ouonnous rinnd)orH in tho 
hlood 
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T1h‘ so Tiamrd liy Davaino iiiiist from its 

rliaiactoiisties In* to tlio ;;vnus Hacillus, and 

is itow tmiiod Ihtt'ilhfs n ntln'^h^iH. Tins disf*as(‘, 
wliich aflrc'ts moil as \v<*ll Jis aninmls, is flniraHcrizoil 
hy <,^*‘n(*ral doprtssion, Ity ivdnoss and con^^\siinn of 
ilu* t*yi's, liy sliuri and irn‘;^ular ami I»y 

tin* idrmalion of alisc(‘ss(‘s, widoh foatinv* in tin* c*aso 
of tlio Inanan has proaunMl for it tin*- nann* of 

malij^’iianl jmstido. Tlu* disonso is fjuickly terminated 





Kiif, Mf Iti fliJfiTMnt of i»h 

kiOitl* »« aiii'i iiitb'it tlUnt«'iii4 oiiufj) f ulutMuO. 


liy (l«!(iUi, and an iiutojwy .shuwH that, tlu* hI«wKl in 
liliw;k, that "mtffHtiiial h«,*ni(tn'lmj,'<' haa (XMnirrwl, and 
that thn H|>h*<4n iw aluioniially lu'avy.and jjnwd 
witli h{ijM'« th« namn of Hpl<jni« fcv<!i‘. Tb«s 

di,s«,*ii.H« iH gniKtrally hiotnilaUHl by tUe Into of flioM 
wbic.h hav« antttod upon (‘arcjwwfH wtd aluKtrtxid ttw 
hactoria, or by bhH)il-{x»iKoniii^ tlmnigh Homo ac«i(U‘Utal 
wnutoh, and Wi'ih is (sspixjially th« case with knackerH 
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nitd l)ut(iluTH who l>n‘iik and liainllr th(* l»f>ni‘s of 
aiiiiiial.s wliidi liavo ditifl of anthrax, 

I’lic poriod of incuhfdion is vory ;^ltort. \n ox 
wdiielt luiH boon at work may ndurn to the stall 
apjtarontJy Imaltliy. Ili* rats ns u^nnl , tin*!! lii‘s dn\vn 
on Ins sido and l»n'ath**s hravih , whilo tlio aiv 
stil! Huddonly Ills lu'ail drop.^, hi> bod\ 

(M)Id; at- ih(‘ <md of an hour tin* lyt^ bi^romos ola/.nd ; 
tho iuiiuail to ;4«'t u|>. and hills drad. In 

this r‘asi‘, tin* illnoss has only liidi‘d for an lunir and 
a half (Kmius). 


I IK, r«9. 



iuuilttt» In ly in**i ihn-m 

ItUtlrtl iKltl |>|f till 




In (irilnr to prove iluit the ili.seiisi’ is rejilly miiwsl 
Ity HuvUlm uiithfuch, IhistiMir iiiserti-il u very MinnII 
4n>t» of lilooil, Uiken from «n jtniimil wliidi liiwl 
rinteutly ilietl of anthriu, in a ylie-s lln«k whieh eori" 
Uiined an infuaion of yeahl., nr‘utrali/.e<l l*y potnsMiim 
ami previoimly aLerili/,e(l. In twenty f-air hoiiix the 
li-piid, which had l-een el*'ar, W'UM seen to la- fuil of 
wry laglit flakea, produced liy iiia«He» <»f iaiciili, rcmiily 



ANTHUAX. 


135 

^luscornil)!^ nn<lt*r ilic iiiirroiseopo. A frnm 
(irst llask pn/tluctMl Mm* samt* in a s«*c<nnl, and 

tVoia tliJit to a lliiril, and so un. IJy tins umans Mim 
organism was (‘omjjh'tidy iVotsl from all wliidi 'vvas 
foi*(‘ign in it in tin* original l*inod, siniM* it is (‘aloulated 
that aft^r from night to ton nf snoli pi*oo(‘ssos, tlin 
drop of hhuul wa.> dilntod in a volnnus of liquid 
gnuitcn* tlmn tho, volunm of iho ourtli. Yoi Iho toutlq 
twontioth, and <*von the tif'iioih ittfuslon would, wlion 
a drop was iiis*‘rton undor tho skin of a shf*op, ]»ro<nin‘ 
its diiath by sph-nio fovor, with tho, samo Kvmpttans 
as ihti.so insMltU'od by tlm original drop of bhaid, Tho 
baoilluH is, thoroforo, tlio s<»lo oaus(‘ 4if th<^ diHi‘UH(\ 
TIk*ho. oultnros liavo oflon situ^o boon ropoatitd by 
nnnM‘r(HiH <d»sor\ors, so timi tho iniontbo has boon 
Htudlo<l in all its ibrins, and tho oxlont cd* its poly- 
morphism has l»ooti asoortainod. At the ('nd of two 
days tlio baotorium, wliioh, while ntill in Qu* blootl, 
is of a short, abrupt f«*nn, fllsplays oxoosaivoly long 
fthmuujtH, whiob are smuotinufs rollo.d up like a coil 
of string. In about a wook many of tho, filanioritH 
contain nTraoting, Horuowhat alongatrsl nuoUsi. Tltoso 
ntidoi prosontly ftirrn ohaplots, in otmsfMpionoo of tlm 
rupturti of the oolbwal! (*f tho rod wlu<di gave bhib 
to then*; fathers, again, float in tho. Ihjuiil in ilio form 
of iwolabMl glohnloH. Tiioso nueloi are tho Hpf*ro» or 
ganiiK of tho wliioli gorminato whan plaeed 

in tho infuHi<m, boeonm t*long?tlod, and roproduoe fresh 
lamilll 
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Theso spares arc uiuch inaro f(*nueionH of lifti tlinn 
thi" microbes Uh^mHelvcs. The latter {M*rhh iti a tempi;- 
rat lire of Ot)"^, hy ilesiecatioii, hi a vtu'inim, in carl)unie 
ucltl, alcohol, ami compressed (>\y‘j:em The spores 
on the other liaTid, resist desii^eef ion, so tliat Hay can 
tlaat in the air in the form of dost, Thi*y al^o resist 
a tt‘mi)r'mtur(‘ of from DtV' to f>5'\ and tie* (dleets t/f a 
vaemim, of carhouie aeid, of aJe<diol, and eompressed 
(^xy;L:on. 

In IS7n, Pasfcenr, aideil hy < niamherlaml and (loux, 
carried some texperimeniH on a farm near (‘hartn^s, 
in ordm* to discovio* why this disease is so Ciomnor) in 
sf)ine disirieis, in whieli its spre.ml eannot ho aseriht‘d 
to the liite of Hies, (trass, on whieh the ^erins of 
hactmhiia had l>een plaeed, was ]Li;iven to tim sh<*ep, 
A ei'rtaiu luimher of them dieil of splenic^ fever. The 
jrlands and Ussoes of the l»aek of the throat were 
very much sweJlecI, as if the hioenlation had oeenrred 
in the upper part of the alimentary eamd, and hy 
means of slijjht wounds on the stu’faeo t»f the mmtoun 
mernhrane, of the mouth. In order h» \(‘rify the fact, 
the grass given to the sh<a*p was mi\f*d with tliistles 
and bearded c*ars of w heat and liarley, or other priehly 
matter, and in C(»nHe<pa*iu’<* tim mortality was sensihly 
itiereasiid. 

In eaH<»H of sponf/nrmous disease it wars surmiserl 
that/ the gertUH v^dneh were mtilieially inirodueod into 
food in tile eotirsr* of tlmse experinnuits, are found 
upon the grass, espi^cially in the neigh honrhood of 
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plact'H ill inl'rt'ttMl aniuuils lia<l botm iHiricfl. It 
was, hi fiivU iis<N'rtiuiitMl that tlu^sh (3xist<Ml 

above ami aronml tlie iiifVHi'il eareases, aial that they 
wens absent at a certaiu ili.^tunee Irniii tlutir burial- 
place* It is true that putrM fennentatioii desinjys 
11 tost of ilie bju'leria, but before this occurs a certain 
number of micnjbes are, flispersej by tlie ilis- 
eii^ui«;e<l from i]i*j earense; tlle^e, ilry up ami produce 
which retain ilieir vitality in the *soii fur a 
lon;^^ while. 

The im‘ehnnism by means of which these ;jenns 
are bvonoht to the surface of tlie soil ami on to the 
^ims on whii'h the sheep feed is at once Btinple ami 
remarkable. Karth-worms prefer soils which are rich 
in humus or th^composiu*{ orjfnuic substanee, ami seek 
their food round tlu^ careasi^. They swallow the earth 
containing tht». oerms of which we have spoken, which 
they dt'posit «ui the surhuic of thi^ soih after it has 
traversed their intestinal ciuials, in the little heaps 
with which We sire jdl luspiuinteiL ’’rhi*- /^m’lns do not 
lose tlieif viruience in tlieir pawsaj.(f^ throu^di the 
worms' intestines, and if tlm Hheeji swallow them 
toguthor witli the ^rass on which they browse, they 
may contnmt the. diKease. Tim tuvning*tip of the soil 
by the spfule or plough may produce! the saiim eifcct# 

A certain warmtli is neet*ssary for the fammtion 
of gmins; none sire prodimod wlmn it falls below 12''^ 
and the caream's buried in winter are thersrforo less 
dangerous that^ tlmse buried in the spring ami sunw 
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inor. It is, in fact, in hot woatlior tliat tho <lisf‘as(‘ 
is most pivval(*nt. Animals may, lio\vt*v<*r, (Mailract 
it ov(‘n in tlioir stalls IVom oatiiiy dry foddi'i* <ai wliich 
ganns of ilii'so laxcti'via nmiain. 

Pashaiv and his pupils [nuInniHMl an rxp<*ri!iu'nt 
in the Jura in I*S7d, whiali ol»‘ai'ly slanvs that ilu* 
of ^^(u*ms ahovo ilia framhcs in wlddi rar- 
tnsos liava* Imriisl is tint j)rinaipa! causa ol 

inoculation. I'wiuify ox(‘n or cows had pcri‘Ji(Ml, and 
several of Ihcm were hiiried in (renehes in a meailow 
wliere tlu‘ pn'seiu‘0 of lliese t^ou'ins was a'leertaiiied. 
IMiPf-e of (he ora\es wiTc surronuded hy a fence, 
wdthin wdiicii four slieep were plaeed, Ollu'C slieep 
wa*re folded within a few yards of (he foimer, hut in 
plafU’H wherft tio infe(*ted animals had heen lanhsh 
At the end of thrc(‘ <lays, thiee of thi* shi*ep hhleti 
ahovi*! the ora\(‘s had died <»f splenic fe\er, v\ldh’ Uuim* 
extdudcd from IIhuu continued h# he healthy. This 
result speaks for ih^elf 

Malij^mant pustule, which is simply liphuiic fi-ver, 
ailects slu^pherds, huhhers, nml tanmus, who Immlle 
the flesh and hide of ialnhsl animals. Iimeidation 
with the hacilluM almost always ofrurs in coUMspicncn 
of a wound (*r scratch on the hands or fact*, In (Jer^ 
many, fatal (»ase.s of atiMimx have he<‘n olnerved, in 
which the <lisi‘aso luus been introttiu‘cd tlnou^h the 
mouth or as in the case of tie* sheep observed 

hy Past cun Ihc human subject appean-i, however, 
to htJ less apt to contract the disctmft than horbivomi 
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since tim flf‘sh of animals by sph^Tiic fevt‘r, 

and only kill<-il wlu'U tin* is fully duvrlujuMl 

in the MimmI, is utb'U ent»*n in fanuliou^f'i. In thi.s 
case ilia au.^tuiu ]*n*vai»*ni uninn;L; Fn*nelt ]H‘asauts (A' 

eatin^^Miver luraleimsiituics tlaicltit'f sjdV^uard, 

since tin* limrluria and tladr ;^»‘rins am llins d(*stn^yt»d. 


II, VA<’('lN.VTinN KOU AnTIIUAX. 

The T7i)»idity with vv'hicli anthrax ih projja^ated 
by inociilatiun ^^enrrally renders all kinds of treni- 
ment useless; \i\ Imwever, the wnnnd throu;j;h whieh 
tin* inierube Is Intrudiassl <*an <ils(*overed, it should 
bn nautfiri/.ed al. onef*. This method is ui'im suee.nssful 
in man. Th<^ pusiule. in nauie-ri/itjd with red-hot iron* 
(u* wiilt binhltM'idn uf mernury and thymin aciil, two 
jaiwiuful aniisf*pti<'S, eertau* to destroy the, bae.ti'ridiuim 
it is oxiuslinnt* as an hyjifienic meastirn, to burn the 
tiunind mr(-JHf‘H, and if this is not clone, they sliould 
lie huritid at a mueli ;jreatc‘r depth than is usually the 
vmi), 

lint the prescu'vailve inean.s on whicdi chief n> 
lianen is now plafunl is vm^ciuation with th<i virus 
of anthrax. Pasteur has aH(sirtaiiiecl that when 
animals arc umenlated witli a lh(uid eontalning ban- 
icridia of which tle^ virtiltuuje has been att^juuated 
by endturo carried as far as the tonth genf^ration* r>r 
oven further, their lives are preserved They take 
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tilt* (lis(‘as(s Ijui fjenorally in a v'ery miM form, and it 
Ih au imiwniant result of tills tit»atinoui that thoy an* 
lieneeforward safe iVom a fn'sli attack of ila^ <liH(*aso; 
iu a word, arc vacvhiaft'tl {o^aiu.st anthrax, 

Tn the culiuri‘s ])rej>an*<l with tlio view (d‘ alteim- 
uliu;,'’ the mi<a*oI)ii, it is the a<*iion of the oxy^rai of 
the air wliich n‘Tid4‘rK the, hacteridiuiu Irss \iruli‘nt. 
It should Ifu suhj<*cted to a t(‘iup‘‘riit art* of from 42* 
to 4Jr in tlie case of IhttHhis (tnfhir*u 'iH> if) f‘naldfj it 
to iiiultiiply, and at Uu* same thm* to f*heclc the jfrff- 
diietion of spf)n‘s vvliirdt mi*j;’hi make tin* lifjnifl if)o 
]K»\v<*rfuL At the eml of the wef*k, tin* eultnn% \vhieh 
at llrst kiili*d tlm wholi‘ of ten s!iei*|», Icilled (ody fonr 
or iivr‘ out of hm* f?i tmi fir twelve flays it eeased 
t*> kill any; tin* iUsi‘as(* was }M*if*etIy mlM, a"! in the 
msii of tlm human %'aeeinia, fd’ which vvf^ shall speak 
presently. After the haetf’riflia have, been attenuated, 
can hi^ etiltivaiefl in the lovvf*r tfanperature of 
from JM)' tf> and only produet' spin’f‘> fif the same 
atU*nnated Htrmi;^th as the fihymmtH which form them 
((^liamlxniand). 

1110 vaccina thus ohiaim**! in Pasteurs hihoratory 
is now distrihutfxl thnar^hout t)m worhi, and has 
alnwly sav(‘fl nnmerouH flo(do4 from fdmo.4 certain 
destrmdiom Althoufjfh this proae^ts hfi^ only heen 
kiuivvu for a few years, its results mv juteh that the 
j^ain to a;^rkmltunt already anmimts to many thouHands 
of poiiiiik 

Toussaint makes uso of a slii^htly difrercut modo 
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of pn‘i>arni^r a variMiut vims, 'vvlucli is, however, 
analoj^^ous to tlint of Pusteur. He subjects the lyiupli 
of the nf a disenscfl auiuiul to a teniiju^niiunt 

of 5(r, auil thus t,rau.>rnnus it, into vaecint^. Toussainfe 
considers tint hi^i^h temperature to he, the principal 
aotmt of atietitiation, and aserU>es little or lio im- 
portance to the action of ih(i oxyj^im in the air. 

(Jhamherlaml and lloux have recently nmdo re- 
searches with the, object of (d»tainin;; a simihir 
vaccinti hy attenuaiinji^ the primitive virus hy means 
of antist‘pti(t suhstamros. They have ascertaimsl that 
a Holutitm of earludic acid of on(^ part in six hnndrefl 
deatroyM th(< mit^roheH of anthrax, while they can live 
and flourish in a solution of one part in nine humlred, 
l)ut without pnaliKun;^^ s|iores, and their virulence 1« 
attenuatiMl When a nourishin^f hroih is luhhid to 
a solution of one in six hundred, the micv<»he <»ui live 
an<l |j;row iti it for montlm. Since the chujf condition 
of attenuation eotiHlsts in the ahscnce of Hpores, this 
condition seiuns hi he realized hy the culture iu a 
Holution of carholie neid, one in nine hundred, and it 
is prohahle that a fresh form of attenuated virus 
may thus he ohUiued. Diluted sulphuric acid gives 
aualogcms nrsults. 

However this may he, the vaccine preparad by 
PaHUmr*s process is Uu^ only one whicfi has bemn 
largely tised, ami whicdi hns afforded csjrtain results to 
cattle-hreeiiers# 

Public experiments, performed before commis- 
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s'ums coiiiposcMl of iiMwt competent Tiu*n, liavi* e]<^ar]y 
sliown the, virtue of Uiti protective action. In ilu* 
Miimiiair of ISSl, llic iniliafKai wis tal<i*n by lln^ 
Alclun Society of A^n'icultnro,, T\v»‘nt\-li\o sbocp uinl 
t*o\v8 or o\i*n wtn-e vaceiinifoil at rouilly-le-Forb 
and then ro-inoculaiotl with blood iroin aninails wluch 
bad roc*(‘n<ly dii‘d <d* anthrax, to^^ofher with iweiiiy- 
iiva* sh(*(*p and Ih citws wliich liad not been previously 
vae(‘iiiated. None of the vaccinated aninud ■* su tiered 
vvliil(‘ till* t\vi*nly-tive test sliei-p died within fiu't.y- 
ei^’lit liours, and the live rows wen* ill (hat the 
vtderinary .sin‘;.»’e(ai« despiiiivd of them for several 
ihyn. 

This experirnefd. was jnddiely repeated !n Sep. 
iejuher, bSSi, l»y ThtiHlIer, Pasteurs lVllow-wtu1<er, 
whose death we have recently luul to deplore^ hefim* the 
representatives of tin* Austro-Hun/^mriau t lovennucnt ; 
and aji(ahi near lh‘rlin, in bSHi, ladbre the repre^erda,* 
tivoH of the ({ernnuj (loverninent, and always with 
the sanio huceess* Up to A[»rih nene than 

I dthtKH) sheep and SIMM) oxnn tn* cows lutd been vac- 
^fnnitatl ; and since that time the demand for vacednn 
IViHu l^fisteur'a laboratory has remdnsi him froni every 
quarter. 


in. Kown <htou:!tA. 


The HteknesH of l)anwInor poultry, which ih eorn- 
monly called cludcra, is 0iusftd l»y the pri'sence in thij 
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t^f a j^innli iui(‘rucnmH nr l^aftcrium hi the form 
of t!io S, jlillorinM;, tlif‘n*fon‘, iu form from lUuul- 

luH a}{f/fr(fvi<, l)ut^ an a«Tohi**. It may Im* cultivated 
iu chickt'U-ln'i^tli, iii'Utrali/.od hy pntiisli, while it wmhi 
di(^s in the <‘Xtract of yeaM,, whieli is so well adajittjd 
to Btfrllhfx ituUir*trl<, 

Tlio microhe, of ihis discaso may alsf> ho atti‘nnai‘*d 
by cultau’c, and it may hrt ibaie mon> easily tlian in 
thc! casi^ of auiluax, sinoc it is not nfa*osHary to raise 
the tom)»oraiuro, as ilo* bartorium of fowl-cludora docs 
iU)i itvodiico s)»ia‘os umlor culturo. ra.stour has there- 
fonj ,boi‘n u)»lo to itropan* an att<*miat(‘d virus well 
adapiod to protocA fowls from further attiicks of this 
flisoasa 


IV. Swine Fkvicii. 

Tlic disease. anhetin»{ swine, which is called 
or Hvvirie fevj'r, in tlm Hr»uth of France, has been 
reiicntly studied by Didmers iu the Uultt*d States, 
wlierti it is als(» very pinwalent, and hy Pasteur in 
thij department (d* ViiucIuhc.. It is a kind <»f jim/u/fco- 
etitfrifin. 

These ohservesrH consider that the disease is caused 
by a very sbrntUtr microbe, fortm^d, like that of fowl- 
cholera, in the shape of the (tyure 8, but more iniimto. 
Others say that tliert^ is a bacillus which was observml 
by Klein as early as 1878 in swino attacked by this 
diseasa In spite of tho apparent contradiction, it is 



Mt MrcnoBRfi, fekmkxth, axd Mun.Ds* 


prc^luiblfi fliat wo have only two forms <ff the snin(‘ 
miei’olx*, for the haeillus in KlthTs ('ulture at fir^t 
n‘se*u]h\s JhtrffTttnii /er/ao, in iht* form of an JS, iM'lore 
it is elonL!;atiMl into nsls, 

Pasteiir has Hn(*(‘ee<l(Ml in inakiniLf eulitires of 
mierohtJH in tin* ii^nre H. has ino(*uIiiieil swim* 

with the nttenuat(‘tl form, after wliiih tlit»v leave hem 
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able U> rerimt the elisease, so there is reason (o hope 
that in l\n^. near future Iliis new vaeeine, eimtahiine 
the at-t*‘nnate(J miijrohe, may heenum (he sufeouar4 of 
our pig%sti<w. 


V, (ipsoMM (rrnKrt Djhkahkh enciruAU to Domestic 
Animaix 

An epitleniie whieli ratfeil in Paris u\ IHH\ was 
called t4ie typlunil fever c*f hotses, and was fatal to 
iiitrt* than loOO animalH helon^ino to Um* tleneral thm 
nibuH ( -taiipauy in that city. This is also 
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(luced l)y a nuon^lKs wUh wlanli Pasteur was able to 
inoculate ollu*r auiiaals 'b’ablut.s) ; for tins purpose 
lu) imulc use of s»*nuis ilih(*liarg(j iroiu the hors(‘s’ 
uo.strils. The iuoeulnird <liod witli all the 

syiuptiuus aiiil lesions cljuraeteristie of the (llsease. 

The aitenuatioii of this mierohe l>y culture is 
dillic.ult, siutfe at tint iunl of a cftriaiii tiun* Mut action 
of the air kills it. PaHieur lias, hoW(‘ver, found an 
oxpeditMit by wliieh to uceoinplish his purpose. Wluai 
the culture is shown tf) be sterile in coiiserjucnci* of 
tint death of tint microbes he takes as the mother 
culture of a Fresh sitries of daily ('ultures the om* which 
was made im the day preeediu*r tint <leath of the first 
motlnir culture. In this way he has obtained an 
atUmuatitd virus with whhrh to inoculatrt rabbits, aufi 
the same n‘sult mii'ht undoubtedly be obtained in 
the of hors(ts. 

Therct ant many other contne;ioiiM diseases wbieli 
afr(*ct dom<‘stic animals, and whieh arc probably dutt to 
mi<srobes,Htich as, f<n* instJinee, the infectious pneumonia 
of homed cattle* This wits probably fho first iliscfusc in 
which the protective c.lfectH of inotsulation were tried 
<mcoi*<lin]L( Wilhelm's m<‘tlunL This method c.onmHted 
in makin^Min incision under tln^ animars tail witti a 
scalpel ilip|iod in the pttruleni mucus At blocKi taken 
fnmi the lung of a beiist which had died of pneumonia; 
HometimcH the serous dimdtarge froxn the swetling under 
tho tail of an inoculated ardiaal was used for others* 
Kever and hw of appetite ensued, lasting from eight 

h 
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to fcwoTity-fivti (lays, But the artiinal wan nflorvvards 
safi‘ from further atiaeks uf the disi-nse 

Cattle pla;(ne, or conta^i^nouH typhus, is llkewisf^ 
ascrihed to tho pr(‘s<»noe of a inien^he with which wo 
are as yet imptu-fi^ctly aecpiaiiited. 

Kxpontneuial Hi‘pli(M‘uiia Is eutitled tnspoeial un*n- 
tirin, since it has too fdlcn keen f‘onfounded with 
anthrax, and has l^een unskilfully [nsslnn'd with the 
intenthui of vuHMnaiin^ luninals in jieconlance with 
Pasienr’s pmeess. ''Ihis occurs when toe* lon;^ an 
interval (twenty-four htairs^ ehip.vss afttn* the <le‘ath of 
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fi, lr«m ttiimn ♦lU lun,^ 

an animal, hi'foro iakiti*; from it the l^lood irifcndcd for 
VH<!ci»o <MdiurcH, Aftiir this date the hlood i\u longer 
eontairm HavtRwn unthraviA^ which is Muccccdcifl hy 
another mierohe t(innc(l Vihnt} Hr/^/o:as, ditihring 
widely fr<nu tho anthrax mierohe in form, habit, and 
ohnnu'bT (Fig/71). //nc/Z/es attlftMrh \h siritight and 
iui mobile, while the septie viiirio in ninuous, curknl, 
and nndule. Moreover, it in nmuirobie, and diam not 
Hurvi ve cimtaet with the air, hut it thrives in a vacuum 
or in carlKuuc aci«l Siaco ItmilluH afUfmmhi ih^ on 
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tlie oihur liarifl, an aiTf)l)ie, it is clear tluit the two 
niicrohes cannot exist simultaneously in the Wood or 
in the same ctilturc* liijuid. 

The inoculation with this fresh niicrohe is no kss 
fatal ; its aetiiui is even more nipid than that of 
liiu'HfHsunfhnfOiH, hut the h‘sions are not tlie same; the 
spletm r<*maiHs unrmal, while the liver Is (liscol(mn*fh 

The sf‘j)l,ie viln’io is only found in minute qiuintities 
in tlui hlood, so that it has escapetl ilict notice <;f imuiy 
ohserv<*rs. It is, hoW(W(‘r, found in immense numhers 
in th(^ inusfjles, in i-he. stu'ous fluid of tin*, intestirnm, and 
<»r other tirinms. It is very common in the intestines, 
uml is imdwthly the ht'f^dimin^ putrefaction 


VI. Raiuks. 

Rahi<*s is a canim* diseaso which is communi(*ated 
ly a bite, an<l the inoculation of man and other 
animals hy tlm saliva. We are. not yet precisely 
jw!fpiaint(sl with th<^ microl»e, which caus(*s the disease, 
Imt Pusteurs n^cenfc researches have tlirown consider- 
able li^hfc on Um lift^-history, which is still, however, 
too much invtdvcd in ohsemrity. 

It must first ho observcal that the liy|mthctical 
miendm of rabies, which no one has yet discovered, 
should not 1)0 confoundofl wiili the irucrobe of human 
saliva; this is found in the mouths of healthy persons, 
md will 1x5 briefly iliHCUSsedi in the following chapter* 
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TIjo following concliiMioiiM are the ronult of Past(‘urs 
msearclu^K intf) the virus of rahi(‘H. 

This virus is found in tlie saliva of animals and mni 
affected hy rahios, assoeiattMl \viih various luicndjes, 
Inf)Culation with ilia saliva may prodiu'e d<‘aili in threo 
fonns; by tlie salivary mir*ndn‘, hy the e,\c**ssive 
(levelopmt'ni of j»us, and linally by rabies. 

The brain, and os]jeeiaIly Um‘ mi‘tlulla oblongata, of 
Tuen and animals wlucli have, died of rabies, is always 
virulent until [jutrefjwiimi has set. in. So also is 
tlui spinal cord. Tin* virus i.s, thereffon^ e.ssentially 
loeali;^i‘d in iln^ nervium system. 

KaiTn's is rajdnlly ami eertabily developed by tre- 
pbining the bones of the (M’anlum, and then immu- 
laiing the surface of tin* brain witli the bto*«l or saliva 
of a ruhid aiiimaL in this way there is a suppresshui 
of the long incubatiim which en«ne4 fnuii siniph^ 
inomilation of the blood by a bit^* or intra-vemms 
injection onariy part of the laaly. It is prolmble that 
in this cast! the spinal cor<l is tin* first to be. nffeckui 
by the virus introduced into tlu) lilood; it then fasUms 
on its tisHues and ninlti[d!e.s in them. 

Asa geiutral rule, a first attack which Ims not proved 
fatal is no protection Jigainst a fresh attack. In IH8J, 
how*wer, a dog wduch liud displayed the first Hyinpt<mm 
of the tliHejise of whielt the other anitnnls asmadakwl 
with him lunl <lied, not only n eovered, but faile<l to 
take rHbie.s l»y trephining, when reduoetdakid In lH8i, 
Pastemr is now in poMsi*s«icm of four dogs which am 



crriiHu PLSKASKS ov ixmrsnc anihals. 14!) 


iil)solutrily Mocured from infcrtion, whatever be the mode 
of inoculation, and ilm intensity of the vinrs* All tlie 
other test <Io.l;‘s whicli were inoculated at the same 
tinn? died of rabies. In liS.S4, Pastotir fouiul Llie nnww 
of nttennubiii*^ the. viniH. For thin purpose he has 
inoculated a morsel af tln^ brain of a niad do<jf into a 
rablnts brain, and bus passeil tlm virus procoedhi;; 
from the rabbit tbrouoh the or^ijaiiisin of a inonkeyt 
whe.iHsi it becMuiuisatiennaiedand a [U’otective vaccine 
ff»r dop(H. This is ih(‘ lirst .step toward.s the extinction 
of this terrible {lisease. 

VII, GoANinua 

This, ajLfain, is a disease easily transmlttml from 
horses to man. (Handers, or farcy, Ls caused by the 
pr(‘.H<mce of a baeterhim, <*bMerved as early as bSfJH 
by Ohrisbit atul Kiener, and more recemtly studied at 
Berlin by Hchhtsc ami Luller, This microlu*. npp<^ars 
in the form of very line roas {hactUm) in the lnn;.(H, 
liver, Hpbum, and nasal cavity. Bals's and liavas 
ftanid tills iiacillus in the human subject in 1881, 
Kxperimontal cultures have bee.n made simultaneously 
in France and Cliirmany,^ and have given identical 
n^Hults. 

Bouchard, Oapitan, and ( Imrrin inarle tiieir culture 
in nmitraliml solutions of extract of meat, maintained 
at a tempitrature of ^^7'^ By jmmm of aucceMslvo 
sowings, they have obtained the protiuefcion of un- 
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rnixtid micrr>l)cs, prosHiting no tmre of tlu* orl^^inal 
anti Huh wa.s done in vt*ssels prof(‘<*t<'d tn>in air- 
Tlu\sc eultiims may bo carried to tlie ci^^^Iitb 
generation. 

Asses an<l layrses inoeiilated with li'itiid eoniaininLr 

microlu'H produtssl l)y this (‘uHnre Imvi* died with 
tlu^ le-i(*ns rlinraeterist io of ^lamho’s (gdanderiMis 
tulien^le.s in the spletai, InngN, ete.). (Vfs anti other 
animals which have been inocidaied iu Hie same \va;y 
<Iic uiih glandertMLs iuberclcH in tht^ lymjthaiic gdantLs 
and other or;^^'^ns, 

It fi^llows from thesr* e\}a*riments thai the ntierobe 
wltitdi causes this tlisease i.s;dwa^\H rej»nidm‘»*tj in tlu* 
<Iifit*reni cidfun* lii|ni(ls with its eliaraeleridia form 
and diUienslons ; that uni ineiulatiM can lit* inor*u!ateil 
with it, as wtdl as man aiitl oflaU'animals. In fact, thm 
miiirola*/ is tht‘ easeJitlal cuii.se of the disease. 

VIIL Vmnim ako Fi,Vfun;urn. nisuAsKs At‘t-K(*Ti\a 
t^inKwniam. 

We have already apfiken of muHcardims a ailk- 
worm's diseasii pnainceil by «, inicroseopie funj.fns; 
two t\i\ivr (ImeascH arc caused by dintinct mtcrolwa, of 
whiidi wti muHt alnirtly speak. 

In the wilkworm nurseries, in which this 
disriusi^ prevails, the Hilkworiim which iKsue. fnnn the 
tf^iduilcally mlkal Hni*d,are alowly and irrej:(ularly 
daveloperl, ho m to vary gm»aily in nm. Umiy dio 
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anil tluistj wliicli survive tine fourth moult 
shrink ami slirivi^l away; tlmy van liardly creep on to 
thti hi^afhur to spin thi*ir eocouii, anil jn-oduee scarcely 
any silk. 

On an i^xairiination of the worms whi<di h<ave died 
of this disease, l)u Quatrefa;^e.s ascertained ilie presence 
of minute, stains on the skin and in the intiTiorof 
the body, whiidi lie compan*d to a spriukliny fd‘ 
l^laek pepper; lienee Ihe nanuj (Jidirine. Umler the 
inicrosc<ipe tliesf^ slaiiis assume thii form of small 
mobile granules like liacteria, which (Jonialia termed 
vlbratile (“orpuscles, on account of their movements. 
Finally, Osimo and Vittadini aseurtaimid the exiHt<^nce 
of tlutse <iorjmN(d(*s in the eoos, and consequently 
showed that the (*p!*lemie mijijhl be averteil by tho 
sole, use of iieidthy of wliich tlui soundnesH 

should bi^ esfaldisheil by mierose.opie examination. 

It was at about this date, IHbo, that IVsteur nnder- 
t»<iok the exhaustive study of pebrine; but Jttjchainp 
was the first to pronoimcit tho disease jmrasitic, 
resomblin^i;: museardine in this respiict, and caused by 
tlie attacks o£ a microlie— or microssyma, to ailopt 
IJechamp'snamo ** of wIticJi the germ or spore is derived 
from the air> at first attacking tho silkworm from 
without, but multiplying in its interior, and developing 
witli its growth, hq that the infected moth k unable 
iu lay its eggs without depositing the spores of tJie 
microls) at the same time, and thus ex|K>»ing the 
)^oung grub to attack as soon as it is borm l^aeteurV 
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own rcs<‘arolu‘H R(»ou induetMl liini to adopt the 

Kunu* vii‘W. 

''Phe ]»ohnno microhi', was lono rc^i^arded as a tna* 
l>aettiriuni> suce^ssively drserihod as Ijtn*ffrhnfi 

/o/r/s, hofiiltf/elH fFio 7i), and 

Pa lihtiiphjfiiui Dalhiani’s rt'enit 

r(!S(*an‘hcs ti'nd to .show that it shonld 
1)!» iLssl;^nn*d io anotliar ^O'oup, inuol* 
ni'aro,r t,<» aniinals, anil do^iouaiisl 

Hp(u*tcmirhu 

HlHhUiim/m, jtrolista, Htill 

r(*oardort as platiis hy many naturalists, 
idii<‘f!y dillhr IVoni I>a<*t<‘na l»y ilndr lutuh* of ;^rowth 
and ruprodnrtion, in wldrlt flioy ro-^onihlf* flu* para- 
hit/u; prot(»>!ouria, tnrmtMl PfntUHptiunnu (*uvriilh'n^ and 

OtuytU'! itifltp. 

In N//o/v^:o/fr/u, ^Towtli J»y fissiotu tho rule iu all 
hfW't^'ria, has not hr<»n nlMorved ; this di.dirndion is 
fundanuuitah Hporozoaria multiply I*y tVei' i^pora- 

forniiition in a mass of Harinwln Muli-itnuc** (’prou»pIasnt^k 
rrhuliiin;^ from the nnrysf in;^ of iho primitive oorpuselos 
fnndhor*et*IlH). 1*ho ionnatirm of iiunn'rouN .spciros 
may Iwi ohservntl within thu mot ln»r rolls, havirij^ Urn 
np(H*aran(M^ of pmulftfiarjirllw or k|hu*um of ffrofjfari- 
riida* and pHoro.sjM-rnda (pamsitrs of vnriohmtr animals), 
fhdhiaiii forms thoHO or^y^atiisins, wliirh ant found in 
many insrrts, into a wnaU K^^oup, wdnrh ho 

Tim ripe sportis am Urn vibratile c$orpu«di'H of 
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(Jornalia. Th(*y closoly rcsoni))!^ the Rpores of some 
}»acilli {H, atihiflohiicfoi^ for instance), and tlnnr germi- 
nation is likewise ellected hy ]>eri'urati(m of tlie spore 
at one end, and issue of tlio protoplasm from tluj 
interior. Tliis, however, does nob issue in a rod-likti 
form {IhtvlUm), Init in that of a amall ]n*otoj>lasmic 
mass, with aiiuehoid movemriitH, a characteristic not 
ohsru‘vt*d in any hat^terium (Balhiani). 

The otluu* species of Hilkw<»nns which have he(*u 
recently introduced, notably the oak silkworm from 
Ohina {Aitimiin i^<3r'M///),are attacked by microsporidia 
arialogons to those of pebrine. 

l*ast(jur has indicate<l tlm mode of averting the 
ravages of this cliHcase. has thus addressed the 
breeders: If you wdsh t\\ know whether a lot of 

cocoons wdll yit-I<l good sjuid, Hf*parate a portion of tluuu 
and subj<<et them h* heat, which will aecektrate the 
escape of the moth by four (^r five days, and (ixamim^ 
them under Ttiicroscope to ascertain whether ttor- 
pUHclcK of pebrimtanj pn^sent. If they are, smul all ihi» 
cocoons to the silk fimtory. If they an» nr^fc diseast^tl, 
alhw tlifuu to hnjefl, and the seed will ho good and 
will hatch out successfully, In a word, stjurt with 
abmdutely healthy seed, produced by absolutidy pure* 
parents, and rear them urnler such conditions of 
cleanlinesH and isolation as irtay ensure immunity 
from infection/' 

When the discaso is developed, fumigation with 
sulpliurous acid is recommcKMled, or preferably with 
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or car);oli(! aL^id, wliicli do not affrrt tho nilk- 
w<jnii 8 and wltidi ltind(*r tin* di*v(dn]nn<‘iit 

of inirrospnridia. Thnsf* fiiiai;4atit>ns likrwiso kr<*p 
thv litttT from rorrupf, ami iu a jUMjM'rly 

condnrtcd nur^(‘ry lla* lill.or kept, dry. 

/'Yof'/zr/v’a,- -\Vron14iy conlHundf'd svitli |»olirini*» tin* 
di'^f*asoyAo 7 /# /'O' ht-ill mori* di*drn('ti\n io .silk v\ornjs. 
Thr symptnois aro romarkaMo. Tin* rf‘arin;Lr 
%Nnriua oflrn on rn^^idai'ly up to t.la* fourth tmailt, 
and Huror.ss ‘-roiii-. as,ain‘<l, v\ lion lli<* silk wonim suddonly 
to ford, H\'<dd tho lr;no.s, horomo torpid, and 
jioridu whilo still ndainim^ an appraraiuM* of \it,alHy, 
so that it iw nc*ooss?iry to tf»u('Ii thorn in ordor to n.M'm*- 
iain that th*‘yuro tload. In this stuh* thoyaro tonnod 
*tuorlH'jhfiH. A fovv days, Honiot iiuos ov on a f«‘\v hours, 
surtirt*, to transform tin* most ilouriddtjo mirsory into 
a (tharnol-dnuHo. 

|*asti‘ur t*N;amim‘il (lirMf* ?/oo*/s«y/o/s, and fonml that 
tin* lt‘av<*H <*ontaiiif‘<i in tin* .dtunaoh and inhMini* worn 


full of haolrria, rnwiunhlino thos** whirh am rlovnlopod 
wdn*n tho loavos an* hriusi*d In 
a dash of watorand lofttoptifmfv 

00* , * I, * 

• \ /* 7'^k la a hnjdthy N|M;cinnm, 

of ooofl dijjfostioin thosn haHoria 
oiling" <*'^*<* unViT fouinh It hi tlmmfom 
maurn.), ovidcmt that tho disnaHo jh owin« 

to latil di^^i'stiort, ami hnrontoH rapidly fatal iti animalH 
whiidi ifonsumo iui ononinais mnount of food, and do 
nothing but eat from morning to night. Tho dlge»tiv0 


f ‘jf 7‘l< itnuit* mnut htm' 
O/. ,15 Onhii, 
ti.lt ^ ilUmO* 
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fonnontH of iiiiliealthy Hilkworms do not suffice to 
(lostroy tlio Lacteria of tlio leaves, nor to neutralisse 
th(iir injurious oireets, 

Tliese liacUiria arts really the cajise of the dLsoaso, 
for if oven a ininutrj quantity of the leaves taken from 
the intostiiK* of diseased silkwoi’ins ho yiven to healthy 
HjM'eirnens, they soon die of the same disease. It is, 
th(‘ri‘,forit,esst‘ntial1y ctmtu'fiinis.and in order t<j prevent 
the diseased silkworms from contaminatin'^ the lu'althy 
hy soilino the, leaves on which the latter are aliout to 
feed, as much space should bo assiyned to them as 
possible. 

(loud seed should also hi! selected, .since it has been 
asciirtuined that some lots of seed are more liable to 
the disease than others. The affection does not indeed 
he'j'in in the as in jielirine, hut the qizestion of 
henslity comes in. It is clear that when a silkworm 
has Immui affeeted \\y JhivlivrUt without dyiiiff of it, its 
cjffJK will have litf le vitiility, and the f(rul».s which issues 
from them will he pr*'diMpo.sod hy their feeble couatitu- 
iiiun to cuntruct the disease. 
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CHAITKIl V. 

THr: MinioiiKS of orMAX i>isi:as!:s. 

1 Mkmkuiks of Ain, Kautii, ani> Watkr. 

It In ajhiufti'd that- tIjF majority of 

ojiidaioiF aij<l wlilt-h oh»o 

atul aoiioalN aro caoNOfl hylh»‘ intn»hiaf ion i*f<»oriain 
kindK^if init*roh(M into tin* or^?ini.'*»m. In ropiy tt> Uu^ 
ilucHliifii how Ihoito miorfiltoM nro nitrftdm'od itdo tho 
ho<l}% and wlion* MH*y nra Indoro i‘nii'rin*( it, li is vnsy 
to Hlu^wiloit th<‘.si* f‘xisl in rnuuKaas 

- tiny (ir tlmir Hpon'H in tint air wn i*rrntlio, in ftln* 

waitT Wt* drink, in thn ^roiunl on whirdt wo troinl, 
and \vlu*n(H‘ Untn* rinaH, winoiovnr it in dry, a firm drnt 
rharoi'd with all Kcrria fd* fjff'niH, whiidr poimtratn 
t<Wpf,ln‘r with thn air into rnir mouths and Iuuoh, 
tor a lono whiln wu wtu'f ninnnd, <*om|dot4dy 
ijj^rtomnt of thn (MUiditiouH of oxlMonru of thoao 
udcrtdtoM whoa tiny an* in ilnt noil <ir \^atr‘r, Thf 
rawmfc rn.snim'hnH <*f Zo{»f, a tJoniian hotunish fci*n«l to 
j<how that amono tlio inforim* al^io Uirmml BacU^ria 
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<n' Schizophyta* then* is a very r(jiiiarkal>]e iliinorpliism 
of iiunlc aiid luil/itfit. Xii ItfifijhffiHh of sulpliuruus 
waiers, for instaons and in f'/m/o/Z^/vX wliieh forms a 
vvhitisli poUielu on the snrfano (»F pnirofyinj^ liquids, 
Zopf has found, under a-rtaiii conditions, all tiui forms 
desi^aiatf^d as .Mieroeoecus, lUieilhis, Leijtothrix, ami 
ria(*t(*riuiu ; tliat is, nncridx's strictly so calhtd, in- 
elndin;^ iliose. %vliicli are the producing age.nts of 
coniagiotiH diseasea 

Where ihoHo nlgjo are found in wat<ir or on a damp 
soil, eonditlonsof (‘xistenco favourahlo to their tlevel{*p- 
ment, there they live anil inultlply. But when th<^ 
soil flries up, wlum a river retunm to its bcul after 
a fli)od, or a marsh ilisappears in eonHeipiencD of the 
twaporiition of its waters, all thitso alguj give forth 
ilormant Hin»res, (h^stimsl to (uisurf} tJufir ])r(q)agatiim. 
Wis have di‘,H(n'ilK*d the formaih)!! of these spiunjs hy 
<Hmcentratio!i of Urn protoplasm in tins interior of 
<‘fmh Cidl; in this ftjrfu their volume is very sinall, and 
tliey are extreimdy light, that as somi as they are 
desiccateil, and tluui only, tlutse spores are carried 
away hy the slightest hreitzo and borne to great dm* 
tances. Tlmse are ttjnned air-giirius. 

When thesis moving germs rmcjount^jr a favoumhle 
xnedium, at once moist ami warm, such as tlm human 
mouth or lungs, they fimtim tliere and are immediately 
ilovcloped, first in the form of then of 

that of IhmUim^ or according 

to the specicB to which the spore in iiuestion belongs. 
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Hr/iIzftp/{//hr, may tluirrforr Lave two vnry 
nut(li‘s<»f oxistcn<*t‘,(*oin|iaraMr‘fo tint liolcnoi-ia 
of luiljitat) ami iliniorphi^in of Hut fun;;i 
niui li^tHffVunn lio\v«*v»‘r,altlioti;ih, 
iiko tlM*y ol>tain tlu'ir U(MU‘isliini*iit from ori^fa!ii<*, 
.sultKtaTi(* 0 H wliirh liav** aln‘fnly I'labiaTiird. an* 

aot ina* i»ara'siii's in tho fhst sta;/o of* ihair 
iluria;^ whirh sta,u:«‘ fhoy 11 v<* frooly hi <la» niitor,or on 
iliotlainp soil, Thoy In'iaam* frio* imrn*^ho,H w lion thi*v 
jicm*tnUo init» tla* Mo(h 1 aial ii>sin*K (jf man, in which 
tiny no[M-s^a^ily livt*. al tln^ ov|M'nso ofthoir 

lli'nrc* it may ho M*t*n why halfolriotl uiarMhoH, 
Knojalows IViaii Nvhioh a rivor luu rotroaf***! In <»nh*r 
<o rotnrii to lin IhmI^ ;,^n*('afc oxnavalions of t,lm mal 
ni«<M',ssary in rnihvayo'utiino*^, horrano fho Hotimi 
of a larji'o, luinilior of ojihiomio f»r naitiiji'ioiH ilisonMo^, 
In all tho^o {>In,cM‘H tlio suh.falino >valon; hnvi* loft, 
Srki:ophi/tff, or iniorohoH in n iliioil wiah*, ami tho^o 
nro Miutn tnuisfonnoh intr> ilfirmani sforn***, wlurti an* 
tlUluHMd thronjL^b Iho air aral ontor fho month anti 
hmtfH of inrn livin^^ norir tho rivorM ami innr-Hhoa» i>r 
who aro workiti^ ort tho railway rnttinj^, Tho noil 
whtt*h has mutaimMl umliHinrho*! for a hmif whilt* is 
full f»f ih»naant wpornsp drawn into it hy (Im rain to 
n *);n*aior or loss ilrptli ; tlmso may (oosorvo timir 
vitality for many yoam* w^aitiirj; for tho favotirahlo 
nHstium whii'li loads in tlmlr frosh dt*volit|iimfrit. 

An arqiminlanm* with air‘*jft*rms wiili Iho microhos 
of «arth and wakr, has Umri*f(iro hooomw iitdisjamsahl© 
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to tilic pliysicinu and tf> ilio jjrotVsHor of hygiene, who 
ar(i anxionw fo doeido on the cause of great 

opideinicrt in order, if j)nssihle, fori*si*o and avert 
them. This new Innmdi r>f mefceoi‘ol(»gy has hecn 
ainitjHjherie mit'rogruphy, since it nec^^ssarily 
inv<dves the usf* of the. luieroseope, 

Thi' jV/Vro/>rs nf fhf\ AtuntHfthvri *, — In the oh)snrva- 
tory of Montsonris, f^aris, there, is lum a si)ecial 
lal)orat»>ry under iluj dire(*tion of Miqnel, with the 
oljjeet (d* studying ih<‘ living organisms of the air, 
of estahlishing statisties (T their times and seasons, 



MK'* 7i» of diiMt, mlxid with nmMf]»honi 

imitlrh**!, iutfi hy th<i 


iind of (Irawiiiff {^ctioral ooncluHionH oh to tho Iiyyionio 
coiulitioii of tho air, aocdnllntj aH it m uuiro or 
UfHs chai^i^il with tiio, iiiioroiKiH and «j)on« which 
aro facto™ of iliwiaw'. TIuh lalmratory in p«)vido(i 
with tlio apparatim lU'coHHary for cueh kluda of 
rcHoarch. 

Tho firat of thoHo appamttiH HcrvoH to collect tho 
living organianiH which aro always minglcul with a 
largo amount of inert duHt (Figo. 74 , 76 ). Tlie 
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apparatus is aii thi* pnn(*ij>lf* f»f tlia atTnsenp**, 

niv<*nt(*(l by r<»ucli»‘i for (In* cxaminatiuti of air-Wii.**!, 
ItcoiHwts of a small ryliiidor in wliif‘h a (iorniit of 
air is jirotlnrtMl Ity moans of an asjfirator, on wlut^h 
runniu*^ waior aoi.^, similar to tllos^^ in in al! 
Inlioratorios of ])lly.^n‘H and ('homi-^try. A linn plab* of 
plnss, wliioli lias on it a layor of ^xlyorino^ is ]»laoi*d 
at tlio hintfau of tho ovlindor, so as to inff^raopi tin* 
(Mirn*nt of air atid arrivt tin* diHt. Tho apparatus 
ompIoy(*d liy Miipiol at is only aniiMUtirui- 

l-ion and iiuprovrnu’nt of tin* om* dovi < d by l*ou<*liot. 
'flir ;j;IaHS slido is tln*n trandbrrod to tin* objo(‘ti\f 
of tlio mIoroM'opo in ordor that tin* dti.nt* <iop<*;4itod 
on it may ho axamlnod. 

‘'rids piori'ss has miablod Mninol to ihdino itm laws 
vvhifd* rut»* tin* appnarancn of nurrobos in tin* atmo« 
HplM*r<‘, and In* has lnM‘n al»li* to oaloola!" tlif*ir iinmbor 
ina^^lvnn viilinin- of air. Witli rospni»t to hooh ftintfi 
and al;: 4 m as livo in our bousns (mould >, and on our 
roofs, walls, and on damp j;i:»ouinl fsurh ul;^^a* as Pfn*^ 
ViHUiiii, iVo/orot'ras, f/A/or<w*o<ra/<, ntn), In* has arrived 
at th*,^ followin;( rrsults, aa far an Moatsimris, thu nits* 
of biH (^xporimontSj in eonrrriM'd. 

Fow in numlasr in dauuary and F»*bn»ary, Urn 
iminhi*r of mouhbaporoH fniihar dimit*tsln*s in March, 
and risos af^ain in April, May, and 4 urn*, in whicli 
luontl* tin* tnaximum in aWainnd, The dccroasa inali^w 
up to October, morn marked in Novrmbf*f, and tlm 
minhnnta ii obwi*rvml in I>r<*f*ndatr, in thiw the 
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inflnonce of rain and damp is very marked. In winter 
the average uumLcr of sp<tre.s in every euldc metre of 
air does not exceed 7000, while in June it rises to 
So, 000. 

In Hurnmer, however, when the temperature is 
very higli, the number of spores is not gi'cat ; for thi.s 
r(!asou, that, in spite of the heat, the air is moist, and 
l,he sportis s<ittle on the ground, plants, or other objects, 
instead of floating in the air. On the other hand, in 
wint(ir, since very cold weather is generally dry, the 
number of air-germs increase.s. 

In summer, storms only purify tliO air for a very 
short timo; within fifteen or eighteen hours after tho 
rain, tho germs reaiipear, and are five to ten times 
more numerous than heforo. It seems that storms 
give an onerg<(tic impulse to tho production of moulds. 

Jf we turn to consider microlxis, strictly so called, 
or the hjicteria which are the causos of malignant 
diseases, research hecomes more difficult, on account 
of their smalhsr size and great transparency. An 
exi>odient is necessary to reveal their presence and 
enahlo us to count them accurately: this expedient 
consists in staining them by various processes, of 
which we shall speak when we come to discuss the 
micrographic study of drinking-water. Miqud prefers 
the process of filtration of tho air invented by 
Pasteur, which consists in passing the air and aqueous 
vapour into such sterilized liquids as are finvonrablc 
to the nutrition of mierobc». 

1C 
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fifrrlfiml Fhfshs, — Past»»ur lias sliown iliat air Tiiay 
1)<‘ di‘privcrl <*f all its prorins l»y ]>asstMl through 

a rapillary iulxs iiirnail l»a<*k upon Hu tnkos 

u fi;lass flask and ilraws oui its niM-k so as to form 
a Ion;;; tula*, whidi is hont in dilioroni. ilins'tions 
(Fi*;, 7li). Th(i ]n*olonjL;od ap{iii<*ation of h^at t‘Xp(*K 
the air riontaini‘d in the flask, vvhlf‘h tln‘reiore 
sterirnsed^ and it is tin*!! allowed to cool slowly, A 
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hot culture li<iuid may now he put into the ftiHk, It 
muHt he aseertaineih hy keejunj; the flu.Nk at a tern- 
pt^mture of JUP for severul <htys, that the lifjuid is 
e<nnp!etely Hterili/^ed, The culture flasks are thus 
iiih‘d f/o receive, the air which is to he the object of 
study, toj^f'ther with tlie spores eontaiiusl in it. 

(ftflfiire is a considerahle variety 

ofetilturn liquids; Piisteinr’H nuneral solution, infusion 
of hay or tuniipn, neutral urine, chicken-hroth, Isief- 
tea^ etc. They should he plun^o*d In a hath heaM 
to a tiiuiperafcure of lUf to IHO'*, since sumo siK>rca 
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ara cnpalilc of resisting a prolon^forl foiling at a 
t(‘iiiiinrature of KXr; 1,1 loy still live, and aro capal.le 
of j(i-riiiinatiiiy and multiplying -wlmn tlie Iwpiid is 
co()l(id. 

(Jnlturf! litpiid.s may also bo stfrillzed witlioiit 
tin* usi; of heat, •which to some <*xtent affocts tlntir 
nature, by lilteriny thimi through apr)rouH substance — 
biscuit-ware, or a mixture of ]>]nster and amianthus, 
et<j. A more ixu’fect apparatus is omployed by Mhjuel, 
eonsi.stiug of a filter of very thick paper, through 
which th(( liipiid is forced by the Himultaneous action 
of a vacuum on one side, and of strong pre.ssuro on 
the other. 

For the artificial culture of microbes, solid or 
I)artially solid subHtaiie,es are by ]>refcrence oft<m used, 
such iis g(datliic, or slicu-s of potatoes, caiTots, hard 
eggs, etc., prepared in difl'ereiit ways anti sterilized 
bi.'fore use, AVe cannot hunt describe in detail all the 
ItrtKicHses e,mpl(tyt*d and tint precautions iiee,es.sary in 
order to avoid error. We must content oiu'selvoswith 
giving the results oltlaintsl by Minuel, 

Tliere are on an average SO bacteria in a cuitie 
metre of Montstuiris air. A hundred of those bacteria 
includits (JC Jl/iwotMcc/, 21 Jioefffria and 13 JiaoMl. 
In rain water there is a dilferont proportion: 28 
Mierocotid, f) KavterM, f?3 Jiaoill'L At the beginning 
of a thundorstonn, tlie rain-water includes a consider- 
able number, about 15 to the cubic centimetre; then 
the number diminishes, hut Mic^uel states that “ after 



IfJi MICKOBES, PEItSIENTS, AND MOUI.DS. 

two or three (lays of (Lamp, rainy wcatlnT, th(> rain- 
water often contains more Ituehaia Ilian wlion it licj'an 
to fall. Hinco the atmosphere i.s then eMie.ssively pure, 
it K(>i*m.s that the haeh'ria are aide to live ami 
multiply in the clouds, or else that the clouds, in 
their pas-saj^ui through .space, take up a varj'ing con- 
tingent of germs.” 

The ma.simnm of air-germs is ohserved in autumn, 
the minimum in winter; thus, .■>() hacteria were counted 
in l)«‘cemIior and January, only in Fehruary, !(>."» 
in Hay, ."*(> in June, and 170 in Oetoher. 

Inversely to what occurs wHli moulds, tin- ntimher 
of hacteria, hnv in rainy weather, rises when nil 
inoist.uro has disappeared from tlie surfaci' of the soil. 
'I’he elli'ct of dryness is greater tlian that of warmth. 
This explains tlu' scarcity of hactAiria after the great 
rains of Fehruary, April, and June. A long drought 
is, however, unfavourahic to their development. 

Mwpiers experiments lead him to conclude that 
dew, the evaiioration from the soil, Is never ehaigitd 
with spores. The dry dust in the neighhourhood of 
inhaluhid pla^uis, and espi'cially of hospitals, is, on the 
other hand, charged with niierolsts, In the eeiitre of 
Paris, for extunpie, in the Rue do Hivuli, lhi?r« aro 
nine or ten times as many inicrolsis in t.he atmosphero 
as in the. neighhourhood of the fortitiejitions, In the 
Montsouris Olisfu-vatory, south of Paris, tins norili 
winds hring many moro Imcteria than the south winds. 
The most impure wind comes from the hills of Villetto 
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an<l Bullcville, crowfL‘d anrl populous riuartors, in which 
arc also ceuKiterics and Hlauglitcr-houscs. 

It lias bc(3n established that the air is much 
purer on lii^h mountains or on the sea, than in plains 
and in ilut vicinity inhabitotl places. If j^lass flasks 
wliich have Ixicn ju'cviously sterilized and deprived 
of air anj iakrni to a ffi'tjat hei^.?lit on the Alps or 
Pyn^nees, and then fllhid with air, it will be dhfieult 
i<i detect any microbes, and the few which may be 
found arc possibly brought liy the obsmwer, Ko 
ajLjain, on the top of the Pantheon, a cubic metre f>f 
air only contains iJH mierobe.H, while 45 ai'O found in 
the park of Montsouris, and 4G2 in the centre of 
Paris.. 

The. Mio.VfihH of Ibmniwj and Dnmhhng Water . — 
Wat(*r, whate.vt'r bo its stairco, Ciiiitains many more 
niicrob<5H than iiJr. Thoy ant even ftniml hi sprin^- 
wate.r tfik<‘ti from its source, which shows that they 
exist in the intenor of tins <‘arth. Tint following; is 
MiqueFs cstimat^t, which %viil p^ivo an ideta of the 
quantity microh(*s found in Paris w'atctr, taken from 
different places : — 

Suuwt No. nf 

itin 

(!rmrleni)c<l (K|iutr)UH vne^iir «.*.« «*• W 

Water from 

nuiM^wator **i ... «*> «.* *«» C4^0(Kl 

Vanno wat<*r (Monlroujifij IwiMln ) .. •#. 248,000 

wator (from Iforcy, almvo JVriHi *.* 4,800,000 

WftU‘r U low Parl^> ♦,# 12,HO(M>O0 

fcitow«af«wat«ir (fmm Oliohy) 0O,OOO,0OO 
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Those miinhorH are the ininiiiuu The jMitrofaetii^n 
<»f staji^niant sewer-water preduot^s ;:,^erins frfMJi wliieh, 
in a few days, inicrnlM‘s ar<* multiplied hy Ihinisanrls. 

(Jertes, in France, an<l in Italy, hitvii lately 

heen neeupied with the mi<u*oj^’ntphi<t study nf drink- 
in<^^- water. Tlu'se <»hservers re.veid Hut presiuunt of 

mh'ndM's in the water tinder 4*xaniinathui hy means 
ef stuinin;,^ rea‘^nuits. The rea^L^ent most in um* is a 
I'5 p<‘r oenhselntion of esmic ju*id (tS'He^i Osmie 
arid kills tin* mierohis witluiiit, ehan^ipn;i their fnrm, 
and preetpiiahs them to ilie hnth>m of* the j^lass 
vessel, vvhenee it is easy t*» eolleet. tiiem. A euhie 
eentiiiadre of thesohitiou Kulliees for oti or 40 cu!»ie 
eeiiiiiuetreH (d water. It is allowed to settle, then 
tlie lupu^l iH ponr(‘d (df, and the thiek, iiark-t'olotired 
di'poMii v\hieh remains consisis of all the. (U^^fanisms 
pre.vicatsly tliifused in the liquid, ami may hr* e^ami^efl 
under the inieros<s»pt‘* Tim fudy drawhaek to tie* 
UH»*. of this reagent is the h^i price of or,mic* iwdd, 
a nudrter worth eonsidmatiou In the extensive and 
comparative rrsearehes imce.siwy in these tmes. 
Ma*.5|jfi ohtaincal utialo^ouM results wdth eJdorldu of 
palhitUum, atul (kuies wdth iodide rd’ jdyeerinis and 
lilcolicdie soititions of eyanine, j^etiiian, ide, ; hui none 
<d* these renf^ents are as efficient as osmus acid, <d 
which the ellect is more precise, coimtant, and flurabh^ 
i\tin*ohrH of tbv HuU, Tim prt*sencn r>f tuicrolms in 
t\m soil has herui prcmsl hy Pashair laid Ids fellow* 
Workcivi^Uhamherland anti RtiUK, in the resoardiow into 
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the nature of anthrax, of which we have Rpoken above, 
llujse obwervers eollecied earth in the nei^^hbourhorxl (if 
trenches in which animals \vhich had died of anthrax 
liad been buried, and found that not only on tltc surface, 
hut at some d(‘i)th, this earth W'as full of bacteridia 
{lidolUiis (mtkmciH), and also of many otlutr microbes 
(u* ^a;nus, of wliich the iiuiculation mi^^dit })roducc more 
or less danoerruis disf/.ascs iu aniimds. In order i*i 
procure earth in a more perfect state of division, it 
(Kjcurrcd to Pastetir to collect the exerninent of carth- 
wonns, which consists almost exclusively of clay, rich 
in humus or veijetahle earth, on which the worms 
are nourished* This i*.arth, after passhif^ through the 
intestinal (*aual of worms, still contains microbes which 
have not lost their viruhmee. As we have already 
said, spring waitT, on issuing from the soil, contains 
micndH?H which it has ac^piired in Altering through 
gerdogical laytu's; and we have also meutiemed tint 
living microhcH of chalk, dating, as Bdehatup bclicvtss, 
from the secondary «ipoch. 

Tdlwric mid DthlaHlic TImrm, — Hence, it is in- 
tidligilde that a tlieory should have been formofl, 
ascriliing most epidemic disi^ases to the influence of 
microbes of the soil, which can at a given moment 
enter the Imman l)ody, first by penetrating into tha 
lungs and digestive organs, and thence into the Mood 

Two German disa>vererH, P'ettenkofer and NSgeli, 
m)i forth this tolluric theory of disease, and Boveral 
facts confirm it It expMns why intomittent fevon or 
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uialnria only provailn in marnliy coimtri<N wlj(‘n tlio 
iuarHlu\s purtiully dry, and (‘spooially in snn)nH*r. 
In ordia' to nuiko Hiicdi (*i»u!itry lu^alUiy, tin; nmndu^s 
rnUHfc bn coiuplntnly driod and lilh^d up, and ilit*n 
transft)nm‘d into culiivafci*«l {^rnund. So, a;4aiu, tlio 
rivnr valliyH iti Frutnu? only booonnt indu'althy wbon 
Mh) stroaiu iviuruH to its ImuI, loavlnj^ thtj adjoinin^^ 
nnwlows iransfbnnod int<» inarsbos, wliioli ^o'adually 
dry uj» aiiid soml Ibrth into (lio air a host of sporos, 
profhtord l*y tho srdii/.ophj ta deposit'd by tins vvat<ii\ 
Finally, ^n*ut oxoavations of oartli diffuso throu;;h thn 
utnu^sphoro iho d(innant spi^ns bron;fhi thitliirr by rain, 
and romainiujjfiu a d<smoaab*d siulM in tins scnh 

In Juany (woh, Uio iidsTvimtitni of two nufjrobas of 
ilinhront kinds havo b»M‘nnMsuna*d to oxplain tho naturo 
and proiLfi'oHH of jujroat «'pidoinios,Miudi an (diolora^yodlow* 
fovur,nnd typladd fovor. This is ttTinod by Na;j;idi tho 
diblast/uj thivay (or that of two prodiasin;^ aj:{ontH of 
disraHo), Thus tho ndcndw* of malaria, or iutormittrnfc 
fovtir, whiidi is not c*ontaKbnis, ofto.n pr**dispfisrs tlm 
pationt U> roooivo ilm attiirks of iimdhor yymoticj 
dist^aso, Mimh as cholora or typhoid frvon Tho twts 
miorobiSH may suhsist wintuItaruHiuhly in tho htniian 
framtsaml tlmir joint a(d ion may woakon tho or^xaiusin 
at tho (sxponso of whmh thoy livo and mnlUply* 
Kuniorons casoH inifjht Ui eitorl to MUp|a*rt this thoory, 
and tho followin)4 oxamplos may l*o f^tvi^n:— 

*'In tho Kuiiunor and antutnn of tlm town of 
Spiim was vinited by chobra, which wa» limited to 
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the lower part of the town, situated on the banks of 
the SpeytU'bach. Tliens was a liospital for old men, 
Kituat(Ml in the hioh part of the town, a fpiarter which 
remained free from cholera, but 24' out of the 200 
pensittners whom the hospibil contained were attacked 
by the disease. N(»w of th<!SO men, the moat abh;- 
bodied amon^f thorn, had been employed to dio up 
some blighted potobsss in a field which lay very low, 
almost on a level with the water which had collected 
in a deserted sand-pit. They had not dnink of the 
water in thi.s field, neither had they passed through 
the part of the town visited by the epidemic : 20 out 
of these JlU nmn had cholera, and only 4 others out of 
all the inuiatus of the hospital contracted the disease” 
(Niigeli). 

()b.st'i'vatioiis ma<lo on hoard English trans})ort« 
on the voyage fixun India give analogous nisnlts. 
" Detachments of eiinal mimher from two roghnonts 
ifinharked on the same steam transport* A few days 
later, cholera <leclarod itself and carried off many 
soldiers, all Isdonging to one of tho two regiments, 
and coming from a camp in which thoro was a violent 
outhnjak of cholera shortly aflcjr their deiMirture. The 
detacluaent from tho other regiment, coming firom a 
place exempt from cholera, altogether escaped,” Hot*e 
tho influence of the kjcality and tho soil is evident; it 
was the sole and essential agent of tho disease, since 
the contagion could not have oceurrod on board ship, 
in which the conditions are generally healthy, neither 



17i> MldUfVBKS, FimSIENTj:!, AND MflTILDR. 


hy ccnitaefc with tlio men, nor l>y that with the 
dotheH aiul ha<(j^aye, which \viO‘(j inixetl tu^^ctln^n 
The fliolera microhe W'^hich ha<l hutin hruu;j>ht cm 
hoard ship could only act on the deiachm«‘nt niias- 
matically prtulisposiMl hy their provinus re.si*lenee in 
an unhealthy jdace, containing tln^ malaria laierohe 
(Niigc^Ii), 

il/h/«sy//U; Hutl d//^o*o///’.s‘.---This lends us to say a few 
words on the t<‘nu miasiua, forim*rly in sn('h <»omm(Hi 
use^ and now W'ithont meaning, llelore Uie <*xisti*m»e 
of niierohes and air-germs w^a^ known, tin* douhiful 
and mysi-eriou*> pnn(»ipt4‘S which were helievtid to Im* 
i,he eausii of vindent and eontagiMiis di-*eaMjs were, 
termed miasmata, and these mia^inafa. wa^o generally 
supposed to li(^ gases. It is now proied Ihai^ this eunso 
r^}shh^s irt solid, living partieles, the mierohes and their 
germs: the. term miasma is les4 and less employed, 
or werv<^s tf* <leHigf*at<« air gerjfis. When, therefore, 
-Niignli «s**M the word, ho regards it as Myrtonymons 
wdth micrt)h(*M or air-germs. 

Th(^> QtfrHfimi of /hde/es. *Henee, it follows tlnit 
it Is crromtons to apply the nana^ of iniaHtimta 
to tnm gasen, H<mn,^ of whieli exert an injurlouH in- 
Ihience on tlm human systeum Hm»h urn sulphureUe«l 
hydrogtm and ammonium sulj»h-hydrate which are 
disengage^tl from privies, ami prrahme thfuliMsiHa called 
phitth in the men employed to etnpty tlunm Thcsa 
gnHOs an^ ditUd^tuham to microhes as well as to mou; 
inlerobcs cannot cu-cxist with them, wUicli i» perhapH 
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tlio roanon why thtis(‘ rnon sctran to enjoy an iunuunity 
from most couia^^ioiiH 

Feojilo am too nmch disposed, when an opiflemic 
is pr<ivah*nfc, to aecniso the i>rivies, of which the 
einanatioiKs an*, un<h*,r ordinary circninsianccs, only 
ofrensivo to thti siuolh When these places, as well as 
the, Kt*.wers, ai'e, prop(U‘ly constructed, they prcHenfc no 
dan;^(U*, But it is ne*cessary that tlicro slitadd he 
a suHieienL dt)W of wati*r in both to cover the solid 
iuatt(u\ We know, in fact, that if niicridxjs are present, 
they only h(icome dany^^rous when dry cnougli to lloat 
in th(i air. 

In an (‘.pideinic of tyjJioid fcjver, for instance, the 
soil<»d body and fmd linen of the patient are nmch nnu’c 
dan^^enaiH than ih(^ privies, in which, however, there 
is a much hu’;ufer nuiiiher of microbea The linen, 
therefon^, as well as tluj eontaniinated rooms and 
furniture, slnudd he immediately disinfecLed in the 
mcsli^ pri*serihe<l hy sanitary authoritii^s. 

The system of <lireeiin^!; (werythiny to the sewer, 
which is now universally applietl to larjje towns, and 
which has enc<iuntered much opp<>Hition, is certainly 
excellent when propiu'Iy understoofl atul applied. Tins 
<u*MHp()ols, as wtsll as the ccunetoricM, ouj^ht to ho as 
rexnotoas possildo from the houww <if the living. It 
is as much opposisl to puhlic imalfch to retain ceHMpcK)lM 
which are gratlually filled in the coarse of years, in 
tlie midst of a town, as to have intramural c(uneterieH, 
Kverytliing should bo carried off by the sower, pro- 
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vlilol tliiTK is a suiiicicnfc flow of water to tak (4 all 
solid matters with it and coinpletiOy cover tliein. 
'riics(! are depositi'd in pluees assigned for them, whieh 
must iiefesHariljIi(‘ very remote IVom thickly jiojuilated 
}dae,e.s. When thes<t matters are then spread over 
a lar^fe suifaeu to dry in the air, the oxytfen heeonie.'-, 
ns I’asteur has said, the jfreat piil’ilier of mierohes. 

In Paris, s(»me of the si'waire water of the oreat 
main sewer is diverted on to the jieiiiiisida of tlenne- 
villiers, jind it is then directed into oult,i>rH to serve as 
a manure for junrket ^ar<lens. After tilteriuo thrmioh 
till' cultivated plots, the water llows olf in a limpid 
stream. * 

(loniilleau, who.se metlienl prneliee i.s at (Jeiiiie- 
villiers, has recently I.s.«ued a report, Hhovvin;^; plaiidy 
that the sewaoe is hut a slight source of dnii;.(er to 
the iiihahitants of the penitisula. Ihirhi},' the serious 
oulhnsik of typhoiil fever whiedi occurred in Paris in 
lhH2, there were only two typhoid eases in thi* whole 
commune, mtd the.se eases were imported from Paris, 


11. Minnoitm OE the Mot’Tit A>tt> Diokstivk (lANAt, 
IN A JIk.m.tiiv M.t.v. 

Hiuw* th(>re 1 h a profusion ttf microlMw in the air, 
Wit can ea,stly uiidersfaiid why they should Jhs fimnd 
in ilui human mouth, and hence in ail [wriM of tiie 
digOdtivo canal. They are for the luimt piurt hannless. 
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>iH long as tho epidermis of the miicons membrane 
covering the intestinal canal is healthy. Pasteur has 
shown that they are net fonml in the blood of a 
lieulthy man, but that tho slightest lesion of the 
mucous membrane suffices to introduce them into tho 
circulati(jn.* This fact was pr<Jvod by experiments 
made at Pouilly-Je-Port on sheep, inoculated with tho 
anthmx microbe by means of their food. The mortality 
anujiig these animals was notably increased when 



tT, 7H,— hurmh')i, ftrnl K h (mlxi'd with Vibrio mffuiu^ 

a), imitolH'tt ill uiimth iil'a iit^aithy iitAti. 

thisth/s, beard(‘<l grain, nr sharp-edged leaves were 
mixed with thfiir food, so as tn cause little wounds in 
their nwmths, (‘aoh of which served as an entrance for 
microbes. As long as the microhes aro few in number, 
they perish rpiickly in the blood; but when tho 
nmnlsw is conshhtrahh), tho (»rganlHm has not tho power 
to destroy them ; they soon compote with tho corimacles 
of tho blooil, and tlm most serious diseases onsua 
Mhiuol estimates th«» numlsir of spores introduced 
into tho human system by respiration, when the health 

^ TUi« In tH th« with flwtu'ii. untl OlHHcir hm shnwn 

thni mi uorrunlljr futiiul tho bliXKl of without 

ufrootiug thoiv httttUh« 
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is pj»rft‘c.tly Hound, at :}(IO,0(M) a day, anfl 100, 000, 000 
a yrar. It is (*viiliiiit that tlirst* ji^onns, always 
present, may easily becimie tlie souive otMiseases, of 
wliieh thrush in the moutli of infaids, and of si(‘,k and 
dyiiii^ adults, is one uf the h*ast ahinnino. 

Siernh<‘t% sur;L^eon of the ITnited Staff's army, 
IHSO. wrift‘s: When I was cieeujiied in tie* miero- 



Jn Iff \ thiu Jf# tUiOMtintotr Kuft a«a 

Vhttr.a I w Iflit oIm »fU>' ! ihH jUi’it 'iuiH >4 J \ * »}oe if } joai * I itfiu*! Ill Ui»' hiiiiitin 
ni*<kaji bititl (iitf'adf >>. 


HeopuM'xamination of ftad river water at New Orleans, 
I used to find iu luy own mouth almost all the 
or^aiu.^ms wliieh wen* pr«‘seut in tluf putrefyin)^ Inpiiil 
1 was eNmniinin^ rnntt irrtftu, IhfvllhtM Hitht}tJn 

(Fig. HOj, Spif^ilhuit, intih/hfftffii/Awl a varh*(y of minute 
Hplmrieal forum and of rods, flillieult to elnssify eseept 
under tln^ j((*neric names of d//eeorf^<v’/ arid limit /iff„ 
Anotlu'r <»r^oinisin whieh I have often fonnd in healthy 
human saliva is a HpeuieH of aSV/ reOm:, {airlmjm identieal 
with K rrnf/niiili'^ 

But Uie. organism most commonly found in tho 
human mouth» whtah altriuitH atlenlii^in from its largo 



THK 2^nCK()BEH OF IlFMAN BIBEASES. 175 


and its abnndancfs is Lf^pliSrix huecalis. It is 
ncvtn' al)H(^nt from the rough surface of the t(mgiie 
or the intorstictes r)f tlu^ teeth, and even tliose persons 
who make a fn^rjiient nsi* of the tooth-hrush are not 
i^xeiii]>t from it. In the latter case, liowevtir, it only 
appears in the form of short, scatteretl rods; while in 



Fltt, HM. /htvhrinm { ntifillujt ^ ruNih'ti (/.ttjiO, in dilTmoit A* rlH.Ui d ri»4K ; 
h\ f, </, In laluhljmji t»f h,i>\ uiul ii) tli« liUHiiUi im.iUlt (uuit!l» 


othor ciiKOH, tno tuftoil Btonvs of its f^rowth 

abound in tho Haliva, and an* often oHtobliHbcd on the 
opitludial c«11h, whonco tliey may 1»! dolacluul Ity friction. 

StornlMirj' cxmipanw tho human iiioutli t«o a culture 
apiiaraluH, inwliioh thogonn.soi'mici'oh«Hfind an oven 
tcitaporatuni and tho Ttu)iHtiu'o iiocosnary for thoir 
di!vclt>j»m«nt naturally pnivliloil for thorn — conditionM 
whuili can only ho artificially produotKl in tho 
laboratory. 
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III. The VmuLUNT MruitnuB op Healthy TFuman 
Saliva. 

Pastour and Vuliiian in Franco, and Stftml)^-^ in 
Ainorica, discovorcd alni().st Kiinultanuously that tho 
hntnan .saliva may, iiiidor conditioii.s with which wo 
ar«! still hiiporfoctly ac(|uaintod, huconio virulcmt, and 
that this vinih'iioo is duo to tho action uf&MinrtH'oauis, 
normally jiro.sf'nt in tlm .saliva, a mien )1«* iiuito distinct 
fi'inn that ofrahios, of whioli wo havts already spoktui. 

It Is only known that this niinrof‘or<‘.us is very 
isimmon in tho .saliva of a healthy man, and that in 
soinii individuals tlw .saliva is exeeittionally vinilont. 
When injected under the skin of heall.hy rahhits, it 
{irmluces grave aHi!ction.H, often resulting in the animal’s 
ihtath, These affeetions aro due ti< tlm presencss of 
the mici‘»>c!Of«!UH, since the sjiliva hew/mes liannk'.HH jis 
soon ns these organisms are removed from it. 

Hternherg informs ns that his own saliva is 
among those which possess this cnrioiis ami alarming 
proiM-rty. He W'gards the more ahnndant nutriment 
w'hich this microiat finds in tho mouths of some 
persons as the causft <if this virulence, since thus its 
development is moro energetic. “ In my own case,” 
ho writes, "tliero is a very almndant secretion of 
Hnliva. ... My culture expuriment-s show tiiat tills 
mimwsoccuM multiplies very rapidly, ami in virtue of 
this faculty it has fur a certain time Uio advantage 
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over JidPffrhnn fernio, which npjtcnr.H to hi* fhfiil to 
the former wlicn jncsuiit in any iinmhi r. ... in 
my culture flusk.s. a small druj) of hlooil fncn an in~ 
fectcd rahhit {fave hirtli witliin a fi*vv Icnu'** I** snd) 
a nunihcr of microl(i‘.s tliafc the lii|iiid <*Miilaiiic<l in (,!ic 
flask was compli’lcly fillcil with tiicm, aid it vvci 
deprived of the nutriment necessary for any fiirli.ir 
(lovu](>iiini“nt.” 

The (exceptional virulencu of this niierohi* munf, 
therefore h(! asc.rilied to its vital and rejundiieti ve 
emirgy, and to the, rapidity witli which it muhipliesj 
at any rato, until we know more, on the siihject. 


IV. Tin-: Mifinoiii*:.s of Destai, ('ai:ies. 

Millfjr’s recent researches (hSSt; tend to show tost, 
dental cari(rs is cldetly dmj to tin* dev<*Iopment of one 
oc more species of htuiteria. 'I'ln* presi'iiee of ;ie)d i, 
introduced Into the month, or devi'loped hy c»Hiun 
disoosoH (nlcens, thrusli, etc.) wliieh are iheniM'he*, 
produced hy tnicrohes, appears to he the |iie.Ii,,po;,iii>,' 
eauHo of this airection, These acids he/^in ly w ifleidtnt 
the dentiiM*, deprived at soiiie point of it wmperfieiid 
coating of onaniul, and through this the hneteria enter 
Haliva can Iw rmnlered axperitnetttally atdd by mining 
it for four hours, at a temperature of Hr, with siijyar 
and starch (fJornil). Htutis) tlio iiijiiriottsii«*ss ofsugtr- 
plunrs and other swoetmcttUi, Wng uiid! cfirreetly 

M 
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supposed to be the cause of the early decay of teeth, 
efipecially in children who cat them in exc(‘S,s. 

The microbe which Miller has 
found to be moat common in de- 
cayed teeth is veiy polymorpliio. 
IliGTOCcoaus, bticteritf.vh, chains and 
filaments, are only different phases 
of the same plant, which also pro- 
duces acid fermentation in the 
month, and the formation of lactic 
acid. Within tlio dentine tnindes, 
a section uxaiuiintd nndf^r the 
microHCoiio shows all tlni intt‘r- 



Fig. ai.-- nactprlum nf ilr'ntal 
carioR 111 tlic tlnniiiic tu- 
buloh: a, artifldul ciuii'H, 
bt Hi>otitttn<‘uUH c.uriL‘H. 


mediate stages b(*twe.(‘n the isolated 


mierococcus and the filaments 
(Figs. 81, 82). Miller succeochMl 
in producing this disease in sound teeth artificially. 


I 



Fig. sai.—Bactftlum of dental carloR t ff , f>, luriuh (ihCiilnHl iu 

cuUuri*. 

Acoorjing to liis exporinients, tlio best dontifrico for 
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tlie (IciKtruction of micnilus U a Kolutinn (^f <iom*.MV*“, 
Hublimaio (luorcorit* .. (nn* part ia iOlH), whk'li 

can bu furtlier diluttMi by fbur purl-, i^fpiira watrr. 


V. Mina>iu:s of lNTKiivnrn;NT uii MAt.AKim s 
KliVKUS. 

W(^ Hay inicroIx H i» ilw plurab snior it in alian t 
oartain Uiat tha diflarani tyjM^s <»f intariail t*»nt tVv*a, 
t(‘rtmro ([imrtaii f(iV(*r, ofc., an* pradnctMl by ^ifjannfr 
laicrohoH; inoraovar, 5i m prabnbla that tairruln- 
vary with tito locality* That nf tVv r 

in Franco in probably m*l tbo r-amo an that of tbo 
malaria, or tVv<‘r of tln^ l*oiitino m?u;4n'S in Italy ; 
and Mh‘ AlViaati fbvc'rM, a^'tiiii, am |>robably prodn^'Ml 
by a 4litlbn*nt. or/^aukno 

Inb'mutfont fVvoi*N aro Un* flrt infrrnal 
of which tlin vajj^ftabbi parasitic nntnro wan 
poctiitl linforo that tiiin* wo worn only m^quaint^sii 
with tliiO parawitiiH of iho akhnnnd with Urn rntoxoaria 
an<l opiscfairia (intcslirtat wornm, Hcisacari, which 
arc anitiifilH. In iHOh, Hr. Kalinbiiry, oft 'iavotanih 
entered <ni riHoanflioH wliteli lerl him tn the eon^ 
eluMion that ifitormitiont lover in tlm marshy valleya 
of the Ohio and the MiKHiwIppl inuMt l»o anoriM to 
the prmmm in the Myatcm of a tilamiiiitoiiJit nlga 
which a{»pr<*ximatf *3 to tlio genua jPerfmc?li4 The 
spores of this alga itro constantly iotind in iim saliva 
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of the subjects of intermittent fever. By exposure 
during the night of little glass plates in marshy 
meadows, Salisbury was able to collecb Hiniilar s])ores, 
which settled on the lower surface of the glass, and 
were found floating in the drops of comhuiscd dew.^ 
On passing through these marshes in the evening, 
there was a peculiar sense of dryness in the throat, 
and expectoration revealerl the pnisence of spores of 
Palmella, Finally, earth taken from tluiso luarsluss 
was found to be full of the sanu? organisms. 

When the inarsli begins to <lry uj), tin* spores are 
produced in abundaneo, and imtennithoiii f(‘vt‘rs o(U5ur. 
Salisbury writes that ‘Mu ISdi 5 , the Wi^ather was very 
wot until about tlio Ist of July; but ibai during 
July, August, and S(^pteinh(‘r, there, was hardly a drop 
of rain. Thij si)nngs and wate.r-courst*s were nearly 
dried up, the niarshe.s and wot grounds also bf‘eamo 
dry, vegetation was almost completely arr(>ided, and 
the wliolc country pr(\s(*ute<i an arid appearance. 
Shortly after th<i drought began, itit(*rmiilent fev4*r 
made its appearance in all the nidiealthy and 

spread BO rapidly during the months f»f ,hdy and 
August, that it attacked almost every fatiiily living 
on marshy grounfL 

A low, peaty tm^adow oxiends along the mna! 

• Wo naiHt r^^pnfit wbut )ui*f mM hoforo, ihtd 
of lhoB« HpftroH iJi tlio air in (juite indopontli'Tit (.f that of Him vai^air 
wtiioh ftotiwlituirH <lcsw; in otUnr wopUh, iho vapour uoi 
iii&m HiHiroB, whirli rmint, mi tho cmtrupy, Ik< prrfVrtly ilry thry 
aau Hoat iu tho air urul Huitlo r>u iui> <hua|» ehjiiut 
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to the Houtli-eaHt of tho town of Lancastfi-, an<l f.lin 
neighbourin^r valleys are low aiitl <i;uup. The. thinl 
(luarfcor of tho town, toiuihing on this iiKfailow, ami 
all that part wliieli is not rni.sisi from .‘15 to 40 feet 
abovo tho Jeviil of the mea(h>w, have, always Issn 
districts in which attacks of intermittent fever are 
prevalent. Tho.sfi who livt* m-ar the marsh are liatilo 
to annual attieks of fev<ir from May to Xovemher. 
In Augiwt find iSe[tteinher these attacks are generally 
the most severe." 

Wo said that moisture does not favour the trans- 
port of microhes and their spores through ilm air, 
hut the rojnark (hass Ji<tt ajiply to fogs, in whieh 
numerous spores aro fmiud. We know that fog.s ar** 
formed of minute glohuh-s of water, whieh lloat in 
tho atmospluu'e, and of which the vapour of *ujp 
hriaith, only visihle in cold weather, can give us an 
idea. These glohuh's of waUw float in the air just as 
spores and all kinds of dnst do, without wetting 
tho spores <»p running together, since as sistn as this 
tho fog coasas to he; it is condensed, and falls 
in tlio form of nioro or less line min. Hidi-Hbiiry has 
ascertained that t.h(‘re is a O'rlain conncRtion hetweeii 
fogs and liitormittiuit fevers, and this eaplaina wJiy 
p<u>plo arc more apt to (smtract fever in the iiioming 
an<l cvfining, at which times thero is in HMinnisr aiwaya 
a fog flftating t»» a varying height alsivu tiiarahy places. 
In a fann near ismeaster, the fhrmer attd his wife, who 
slept on the lirst lloor, wore attacked hy tertian fever, 
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wliile their sevon children, who slept on the soconcJ 
Uooi’, escaped. Salisbury ascertained that there 
a fog every moi*ning, rising from a ros(U‘voir whitih 
had been recently made. This fog reached the liouse, 
and rose above the first floor, but not as high as the 
windows of the second floor, and pmu^trated into tin 
parents' bed-chamber through the open window. Hi is 
vapour had the same smell as the marsh, which was 
covered with fever algaj {Palmdla fdmlU), and pro- 
<luccd the same feverish <lryness in the throat and 
pharynx The vapour dis])ersed soon aftiu' sunrise, 
and l)eforo the children had left thiur chamber. 

Salisbury likewise asciu’tained the polymorphism 
of Palmdla fehrilU, a polymorphism \\hich is con- 
firmed by the recent observations of the skilful 
naturalist Zopf, and this fact explains the mofle in 
which an aquatic alga can live in the human blood, 
in the form of Bwillm or SfnriUwnu 

Still more recently (1879), marsh fevi^r, or malaria, 
which is so common in Sicily and in the Roman 
('ampagna, have boon stndied from ih(4 saimi ptfmt 
of view by Crndeli, (luboni, CVcci, and othm*H, wlu' 
ascribe the disease to a vegetable parasite which th**y 
call Bacillas malariw* This bacillus is abundantly 
found in the blood of patients during the pm'usl of 
attack, while during the period of acme wliich ter- 
minates each attack only sponss are found. The same 
microscopic organism is fouml in all the malarious 
districts of the Bomau (Jampagna, and it can Iva 
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iHr? 


ju'odueotl in artificial cnltnnM. ft is iirit fnund in t.h*^ 
lujaliliy ])artH rd' Lfim^imly, In tlir strata of air 
^vhich float al>ovc nmlarions ufroiiinl iu HumuM*r, thin 
iiiicrolje is so cmnmon tliat it is found in aluintljincn 



Fip;. FuilliH 


in tho swriii of tin* fon-hivnl and 
haniLs Stl;. 

This or^^anisin is not only 
(m|aihh‘f>f cultivation Isil rahhits 
fuifl (lop's can ho iiaauilatoil with 
it, so US to produce marsh fevf-r 
in them.* Tim leKi<utM which 


aro observed in an autopsy an? the ,*saine as iht»se in 
tuau^sliowinpj; that the. site, jirefeired by tbe itiimibe is 
tlu^ spletui and the naarrow of the bones. 

The fact that the hacilltiN an^l its spfires are sue- 
eesslvidy found in the. blood explains the lutenuitfent 
type, of the diseese, terfkun ^pmrtfm, etc., ar»e/*rdino pi 
the variety (d* marsh fever, Aeeordinpj Uf its VAriid}% 
a!i<J perhaps to the species of Ht*hiiuph;ifHm^ the eoin- 
picks evolutioti of the plant Hometiines demands 4H, 
Hometirm^H 7S hours, and the access of fi^viT always 
eorresponds wdth the pf‘rio«l of greatest mdivity in 
tins baeilluH-"-«thafc whieh preeedi^s the emission of 


Hporcs. 

Two military Hurp^eons* linveran and Itiohanh 


* It 1 h ^'tsiMrnlly in Fofnei* thnfc nti if risk, and imfreelnily 

iMThlvcrii, mnnra osUraet iiOeritiimsii Icvi r. I'hk o|4tiirtn k err-** 
U in lumwn tliut iu lidy fttudmei tliin fever when they 
iu«* (itii Ht?«'iiriuab.rd tt> nmi4t> dkirlekt nuii liint lltey itre cured hy 
sulidmiu uf riuiuiiiu^ 
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have also observed the parasitic nature of inteniiittciit 
fever in Algeria. The organism which tluty have 
constantly found in the blood of tho.se ailbctoil by 
mansh fever presents several tlitfurent a.spccts, but 
appears especially to attack the red coiinj.scJe of tin* 



Kl(( H4.—PitPa«lt<*ofir»tDmiUt<»tjtfmr(UvprAtO! hn'iimf In , 

No« 1; (J, <»>nmw!lo No. 3, niotlorillt'HKi rorpunrlr No. 3. I'ontntnlnK mohItiN 
|)iKni(>nloii pcralnn ; U, cor(»tii4clo No. 3, provUlod wtili iitioMU* i (j. lU tii iott 

wjol>ilo Uliimotit; H, U, corp«wIf» No. n, I, K» mrpuw*!** No ». of ariMlt 
ml and ; U lin^niAtiiiH (u ^vhirli tJio Htimll (oriniTClrM No. 3 an* 

Attac^iicUi M, plguioiM kucocj^ten, mu'Wi miulo hy tarmltn*. 


bloo<l, in which, according to Laveran's expression, 
“ it is encysted like a weevil in a grain of wheat.” 
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Tliiw obsorver tliinks that it approximatcH to thn 
algio of tlifi gonus Oisclllaria * (P'ig. 84). 

Tlic (lifihrent furriiH takra by thin orgnnisai an: 
only the successive phases of its (h‘V<*lripiacnt, ai^l 
have not yet luten observed >>y a (ioiap<,:teut Isdanist, 
who alone can indicate precisely their true iiatuiu 
At a certain }>erio<l of its existence the parasite 
attacln^M itself to the red coqniscle of the blood, and 
is nourislujd at its expense. The corpuscle turns pale, 
losijs its colouring matter, and disappears, heaving as 
!‘(‘Hiduo a small grain of pignumt, n*pn'Sf*ntiiig the, 
luemoglobin absorbtMl by the parasite. Two throe 
mobile filaments aris^j from tint encystf^d parasite, 
which roKemble vibrios, and move rapidly in the blood 
as soon as thoy becomes detached. Laveran states that 
he has fbtind tlu^ same organism in malaria paiienf^ 
at Itmne; ami Rufhiml found them in the blood of 
a saih^r just r«*.turn<Ml fr<im China, who was .suffering 
from intermitttmt fev(^r. The use of tlu*. nuerosct*jH* 
permits an atJCurab^ diagnosis of this diH»»as(\ 

The spluTical bodies, or the miiU’olH' in its encysted 
form, announce that the attack is imminent, luid no 
time s}u»ulfl Im hwt in atfininistfOring siilplmtt^ of 
(luinina Itichard writes that '*tlie innltiplication of 
these bodies must bo extrtunely ntpid. For instanco, 
in tertian fov4jr tfiey am not foinul in the hitiirvals 
id* the attaciks (apf/r^xld). As the attack approachim, 

* Mntipim, 20, m% |f» *W; Jinttury 27, tum, 
{I IKI* 



]8C MICROBES, FERMENTS, AND MOULDS. 

th<iy appear in increasing nnmijorH, and tlieir niaxiintim 
coiTOsponds with the beginning of tlie riso in tempera- 
ture; from that moment they h(‘gin to perish, siikms 
the heat of fever is fatal to thinn, and conipiciteiy 
checks their development. This (ixpkins the inten- 
inittent character of the dlsea.se. They pi-oduce fever, 
the fever kills llusm and then sulwidcs ; wlmn aikymcin, 
occurs they multiply again, c.xcite fever, and so on." 
Thus there is a succe.s.sive Kerie.s of auto-infection by 
the parasite itself, nnle.s.s its <lcvelopini‘nt is arrested 
by sulphate of (piinine. “The jtara.site.s of typlins 
and typhoid fever arc not alhicted by a leinissrature 
of 40°, and even of 42°, anil hetjce the continuous 
chameter of theso fevers.” 

Conul has, with sonu! justice, crlticissed Laveran's 
de.scripti()n and illustratious of the parasite of marsh 
fever. It is diilieult to recognize in it an organism 
really belonging to the animal or vegetahlo kingdom. 
The form of the filaments which, as Im assin'ts, issin^ 
from the so-called encysted hodit's, resctrdilo those 
which Hoffmann has seen and drawn in blood in its 
normal state, and also in various diseases, and are 
probably only expansions of extravasated protoplasm 
in the rod eoipuscles at a temperature of 40'’. The 
encysted bodies are also, according to all appearance, 
only hloml-corpuBclos, more or loss affc^ctiid l»y disease. 

There only remain the pigmented, (sncystetl granultis 
in tlio rod and cohmrlcss corpuscles, granules which 
have been observed by others, and espttcially by 
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Marcluafava an<l Celli. But <*xi)i‘runf*iits 

tr» Khow that the.sii ^raiiuh‘.'> arc niicn>h*‘s liavtj as yet, 

afforded no eertain results. 

In short, (Jru-nil remark^: Since haeteria are 
found n(‘ith(U’ in the internal orj^cius unr in ila^ l>litoi! 
of those wlio dit‘ of inieniiitttuit lV*ver, wo are tempi t*d 
to suppose that the virulent a<::enfi reside;^ in tlie sur- 
face. of th<* luenihrane'-'for exam[>!i% ifi that of 

the di;^u‘sl,ive canal ; and that tluMfheniiml poi^^en^ pre- 
rlac<ul uud(T the intlu<»nee of these iniero-m’tfani.'*m 
penetrate thence into the hhtofh Thf^y then aet on 
the rt>d corpuseh^s of the Mood.” 

Finally, w<^ must ninuuidier that unxuy conlinuon-^ 
ft‘,vors, (iHp(‘eiaIIy thoH(» of hot e(»uuirh*s, mmuh t>o hr* 
eoiajdleatcd by flu* pres(»mre of two parvis'ith* elenu ntn, 
as we have said in <Ieseribin;j!; h dildasjie tlii^ory. 

To the marsh inierob(% whh^h tjoiiufs from the 
anr)tht*r is adrieil, of which the, imiiMiiiate ori;^ii)i is 
<Iue cither to dinntt coniii^ion^or to soim* other bdhirie 
or atmospheric haral tiilluenm 


VL ItEfJtrUHKKT KkVFII AXO YKnMHV Fkvfu. 

Wo pla(^e these two iliseases toj^ether, siiiipljf* 
lK*(fauso tliey have rarely Ikioii olwervisl In France, 
Eeciirreiit fever, or rclapNiiig typlais, m a diiwase 
which hfui been olmiuwcd iji Oortimny, Ensata, Ireland, 
and Xndia> in which latter country it k eallod jungle 
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fever. In all these countries poverty, scarcity, an<l 
famine appear to be the predisposiny causes. In 
this case, the presence of microbes in the luiman 
blood has been established in the clearest and most 
incontestable way. This discovery was made by 
Virchow and Obermeier in 1808, but notliing was 
published on the subject until 1873. 

The symptoms of the disease are very like those 
of typhoid fever. The microbe, which may always 
be found in the blood, and which characterizes the 
disease, is a Spirillum ox Sivrochw.fe (S, Ohmufkn) ; 
that is, a filamentous organism, twisietl into sevfiral 
spirals, and animated by very livedy movements (Fig* 
51, m, o). Those spirilla may bo seen moving in 
thousands among the blood-corpuscles, when these are 
placed under the objective of the microscope. 

The difficulties oxi)orienced by tlie original 
observers in their attempts tf) inoculate man or 
animals with the disease, and the fact that in Hom<^ 
crises the microbes appear to be absent from 
blood of afibeted persons, have thrown some doubti 
on the relation between tlie disease and its microlHi. 
This is because the conditions of the ijxistfmce of 
this jdant in the system wore not sufficiently con- 
sidered. Albrecht has recently shown (IH80) that 
blood which apparently contains no spirilla will, if 
kept in a culture-flask for some days, prot<icted {min 
air-germs, become full of these organisms at the end 
of that time, a proof of the pi'c-existence of the spores 
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The same ol)server was to p»Hiit tin* spon^s, 
which arc only visihli* iimlor a 

of 1000 iliainutcrs, and whicli kiktimmI td tlo* spirilla 
(luring the reinittiuit iHU’iod. Jhu’i'over, a nunikry was 
Huccessfully iiHUMilaitjil with the disras** at ntauhny, 
and afttjr the lajwo (>f live <hiys sjotilla went fouiid 
in Uni aniinarH Mood. 

Vellovv lovin' has not y<d ht*<‘n suliicii'nUy sludiod 
in the countries in whicli it provuils, hur tlnTe can 
ho no doul>t that it is likevvis»‘ proiliu^ofl hy a spot*inl 
Hchizoi>hyttnn. Originating, an it appears, in North 
Amoxica, prohahly in the of tin* Mis-sissippi, this 
diaeaHo haw hetni spread )*y inaritiuio coimiunve over 
th(4 whohi mt(n‘tro|U(‘al mtu* of tin* The eenf res 

of iidhction are always on the sea-hoard, at the niouths 
of gn^nt riv<‘rs, from which eonelmh* (hat its siaeial 
nneroht) is found hi ils free state in the hraehish 
niarshcH formed at river-mouths* 

The meilieal men of Hio do Janeiro, and partjeu- 
larly Freir*', have lately deserihiMl and puhlished illus- 
tratiouH of mh»rohes sahl to have hfsen oliserved hy 
them in the ftnees <»f patients nttneked hy yellow 
fevor* JJut their drawings are for tlm most part 
fanciful, and htdxay great hiexperiene»* in the methods 
of research and in minroseopic eKaniiiiatioiis; for 
instance, the airdmhhhts^ tiimkllfnlly intor{Hisitfl in 
tins preparations whic^h their author thought worthy 
of photographic n.*proflur,U«ii, ligtim m titicrolios* 
TlrnnkH to the accuracy of photography, wliieh leavi*w 
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no scope for the fancy of a draughtHinan, there can 
be no doubt as to the gross error ctuninitted hy the 
observer 

As for Freire’s attempts at vaccination, his own 
statistics are far from being favourabh) to liis nioLhod ; 
in fact, they prove that vaccinatirm incr(ias(Kl Uto 
rate of deaths in the proportion of 19 per 100. 

Much more scientific researches were undertaken 



Vig. faction of feldnoy In y^ltow fwr MimwIuk « 

ulli'ii with of mtcriM u fi» 

by Coniil in Paris, on hohio anatomical i*n‘j«n'ationB, 
prQNorv(!4l in. alcohol, which worts Htsnt from Uiiusil. 
He found in the livtsr and kidntsy of the victitiiB 
yellow fever, chaplets of micrococci or Iwictwria (Fijjf. 
85), only visihlo under a very strong magnifying 
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]>r)\\'or (morn than 1000 din meters). Tint, they are imt 
iuvariahly present, and it is (;<)n.sei|iient,Iy nneertaiii 
■whether they ar(% tins eimse nf the di^e^l.se. hrniii its 
symptoms and lesions, tliere is rensftn to think that 
the parasite or parasites — for th<‘re. may lie .several, 
according' to K!i;,a‘rrs theory -have their seat, in the 
diyestivci fanal. New and sustained re.tenrehe>, enrried 
on in countries where yeilow fever [irevails, and more 
metho<licalIy conducted, are necessary to elucidatt,! ihi.s 
quostioiu 


VII, Tyi'koid and Tvmins Ki:vt,na 

Those* two diseases may hij taken together, since 
in hoth tin* digestive canal is the part chielly »d]er>ti‘d. 

Here crowding, the aj^ffreoation of men ami the 
lantmn miasmata resnitinj,' from it, play tin* chief 
jiart, admittin^f, as we have already said, that miasma 
means mierttisi. Wt* mn‘d not, theri'fon*, deny the in- 
tluunca of prediMposing cunditioiis, or what is caihsl 
roceptivlty for the <rtseaHo. 'I'liese mtfavoiirahin tson- 
ditions are.: physical exhaustion, had fissi, yoiitlt, 
mental emotion - all which (;<*ttditi(*itH art* allied with 
human miasmata, the result of crowdin^j in IsttTMcks, 
wh(iro typhoid fever prevails; in caiiijw, whidli aisj 
more sulijecb to tyidius; and in tiie hiully built 
houses of (atr larjije cities. 

Xu fuw diseases is th« in3,uuaoe of auildiygiouie 
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conditions more apparent. Want of air and cloanli- 
ness is one of tlie principal factors of thi^sc cruel 
cpideinics. In tlio confined lodgings of tluj artisans 
of largo cities, tlie dead, the sick, an<l the lu‘altliiy 
man may be found sharing the same room and ev(‘u 
the same bed; linen impregnated with typhoid ex- 
cretions may remain for days in the same cliamher. 
The walls anil floors of our ))arraekvS, t[K> randy cleansed, 
disinfected, or whitowashed, harhour myriads of mi- 
crohes; and the water of atljoining %VLdIs likewise con- 
tains them in great nniulsn’s. 

Nor can it 1)0 said that liygienic conditions are 
more carefully observed in the rtiral habitatifum of 
villages and detached farms, TIu^ ju'asant is as 
ignorant of the laws of health and cleanliness as tlu^ 
artisan; the neglect of the builder, often a miTo 
mason, of the landlord and the tfuiaut, is still more 
striking in country districts. Vor this reason (Epi- 
demics are generally luoni fatal iti th(E. country than 
in towns; but they are less frecpnuit, (>f shorter dura- 
tion, and more easily localizcul in a village, or detmdied 
farm, since in this case there is a largfE supidy of 
oxygen, which is the great destroyed* of mi(irol)(^s. 

With respect to typhoid f(we,r, (uie, (^f the numt 
common diseases in this countiy, ilu^ by whieh 

it is always charactcnj^cd show that (h<^ mi<*n)be pro- 
ducing it is chiefly found in the mucous nK*mbrane. of 
the intestinoB, in reyer*s glands, and in the istflabid 
follicles which cover this mend>rane, aud which are 
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always liyiicrtrojilncfl ami softcin'd in typlioid 
The round vr-d spoLs whioh may Iin oli.M rvml npoii <li ■ 
skin aro distlnctiv<! marks of llin aificf inn of fhc di;4'‘-i- 
tivo canal, and it Ims oecuro-i] ti> iSunidnirdnt lhat. if, >i~, 
]iCHuppo.st‘s,tlH‘HC .sjiols cmtuin tliri ^»ml; micnihd as iliat. 
of the intfstinoM, it miyld be euJtivat'-il and jd.tfiujafrd 
into a true vac(dn(‘. 

Thii piiisnnee of HpeHal miemboH in typhoid Timt 
was first obsiirveil by Jleeklinoliausen in IH/I. iiut tlf 
exact d('Hcription<»f tlie typhoid bacillus lias btjen only 
recently Kiven by Klterth and Klebs. 

Eberth has observed this bucilliiH in the sph-jni, 
the lymphatic ffltinds, and the iiib'slincs, niaki?);' 
use of special staininff pn«;crssm It Jip(n'ars in the 
form of short rods with rounded extremities, in the 
tuhular {glands and naind the ls>ttom of these fjlands, 
which cover ih(! mucous ntemhiuiio of the inteMline. 
Th((y aro nutnerous when tho iiieemtion of I'eyer's 
glands begins; aflorwards they heeomo fewer, and 
aro succeeded by other microbes. From Uui {sMitioii 
of the bacteria in a section iif the itmcous nieiiihraniit, 
it may bo seen that they js-netratc tfirongh its surfacn, 
and iitston on the ulcerated and iiiortifietl (issuo 
(Oomil). 

Blood taken from living palientn often displays 
bacilli amid tho rod curptiwdes (Fig. HO). Ths spleen, 
which is always hypertrophuHl, onntiiiiM tlis Mine 
liacillus, which is alsr> found in tho User, and some- 
fdinos in tho kidneys and nriiut 


o 
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Many other bacteria ajipcar in the intestines when 
the disease is approaching its end, but the bacillus in 
(question is the only one found in tlic l)lood and 
internal organs, so that it is really characteristic of 
the disease. 

Gaffky, a German micrographist, and a piij)il of 
Koch, has succeeded in the artificial culture of this 
microbe, taking it from the spleen of persons wlio dierl 
of typhoid fever. It is actively developed on gelatine 
and potatoes, becomes very lively and produces eudo- 



Viff, Hfl,— BacllU of typhoiil Iovit iy isnn (Unm.l: U‘tl vori>uwlc8 muy 

uLitirrvcdL in th« duiiii* la'i'jhirAiiMiii. 

genouB aporcH at a ti!mporalur(i of J5H". I)ut tlio inocu- 
lation of atiiiuala witln tlio (liaoowj liaa liiUu*rto luKtu 
unsuccesaful, at leaat ao as to rofjroduco in tluun an 
afl’oetion of tlio intcatinos, really reHciiihling that of 
Poyor’s glands in man. 

Tho horse ia the only animal alfocttsd hy a Hunilar 
disease, which has also hoon eallod typhidil fov<tr. In 
188 J, the horses of tho Paris Omnilms (lompany were 
decimated by an epidemic <jf this nuturo. Hut tho 
lesion of Peyor’a glands cannot he comi>ar(><l with that 
which occurs in tho same gl.-uida in miui, and no 
special microbe has yet been diaeovoi'cd. 
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Tho pn*s(‘no.o of tlio luirillns of typlioii! fevor in 
the air or in waiur lias not yet jisf^Mriainisl. 

Nuithor is anything known about tlio miornlut whielt 
may be assuuKal to be blie Ccuuse of ly pints iifV(n\ 


VI n. The CuohrMA Jhnnnsn:. 

This ttirriblo disi^aso has its uri^jin in Asia, wln-rn 
its ravages an^ as jifrnat m tlnisn of yi'llow lVv**r in 
-America. It is omleinic or permanent in tlm (iani.Ci«.H 
delta, whence it yitnerully H{#reads evrry ymr over 
India. It was not known in Kiiropo until the t>eoin. 
ning of tlie century; but Bince that time we liave, had 
six: Huccessivo visitatioim, and it w'eiuH destim-d to 
rcplatje^ tho plaguo or black death of the Middle 
a <liHeaso whi<?h apjasaas to be now ctmliued to ,^nim 
few localities of lint Kast.'*^ 

In 1817, there was a viohmt outbreak nf eholem 
at Jessore, Indiji. 1’henee it spread to the Malay 
Islands, and to Kourbim (i«Si9); io<!huia and Persia 
(1821); to Kiissia in Kuropo, and I'spieiaHy 
St. Petersburg and Moscow (18:10), In the following 
year it overran Poland, (hTinnny, find England, and 
hrst appeared in Paris on danuary 9, IHdS; horn it 
raged until the end of Hopteiiilssn 

• la tJui AnnmiirH fk ISB/f, 

AmsitU of tthelrrit In Furii*, widi wmrtji m Ike 

DtAiaew fclito immsito, tlw> hyifieaw md Uau inMUwttfr cf rhotfOA, 
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In 1849, tTie cholera pursued the same route. 
Coming overland from India through Russia, it 
appeared in Paiis on March 17, and lasted until 
October. 

In 1853, cholera, again coming by this route, was 
less fatal in Paris, although it lasted for a longer time 
— from November, 1853, to December, 18,54. 

The three last cpiilcmic.s, 18(i5, 1873, and 1884, 
differ from the foregoing in not having taken the 
continental route; they eamo by the Moditfivrant'an 
Sea. Brought from India to Kgyjtt by the Mecca 
pilgrims, the epidemic of 18(!.5 entcn'il Praii<',c by way 
of Marsoillc.s, ravaged Provemee during the summer 
of 18(>5, and was carried to Pari,s tiiwards the end of 
t3ci)tembor by a woman who came from Marstulles. 
It was less fatal than the preceding epidemics, and 
so also was that of 1873. 

The epidemic of 1884 took the same roiite. First 
localized in Alexandria (1883), it atiackctl Naples, 
Marseilles, and Toulon in the summer of 1884, and 
overran all Provence; thence it was tmnsferntd to 
Nantes, to several towns in the north-west of Franco, 
and to Paris, where it was comparatively mild. Finally, 
it entered Spain at Barcelona towards the (md of the 
year, and ravaged the whole peninsula through the 
summer of 1885. In August, it also reappeared in 
Marseilles and Toulon, anil this could not 1 hi ascribed 
to a fresh importation from Spain or the Kosi 

The essentially epidemio and contagious progress 



THE MIOKOBHB OP HUMAN DI.SKASES. 




of this (liKoasn clearly th»‘ prt‘s<'nr*o of a 

inicrobo, of Avliich tlui dm.soii is lln*. inin.siint's, 
wlicnce it pusses with the jjutimt’s h.M'f s, aial con- 
stitutes the ei>nta.;^iuu.s ol<‘Jiuriit in pljir^s allreifjd by 
the epi<h‘iiii(!. 

The lii’st precise iaici*o;;^rapluc researr-lc*s neule. mu 
tins snl)j<‘et were thnsf!: of Hie Kreiieh aiel ^HU’iiian 
cfuniulssions sent to Alcxainlria in Koeli, 

lueniber of the (human sanitary coi/nul- ‘/hui, was 
the first to (h‘seril)e the inierolie wliieh it lee: be* jj 
decided to considtT as the prr»liM*in;i( ayent of cholera. 
He ^ave it tlie name of cunniiu l/aeillns iJtiuUlthi 
/joacaoft), on ae(sount of its form, 

111 order to scf^ thesi^ bacilli In any nnmbtT, 
of iuali;;;nant cliolera must be obM*r\i'd. K^r Hus 
reas<*n, an iinHUft(!<‘ssfnl search for this parasile has 
ofttui heeu m.'Mhssimte it caiim*t l»e di.Nrin\;ni dn*d from 
(he rtmuerons other parasib*s found with it in fin* 
inttJstineH of ehohu-a patientH on the set'ornl or third 
<lay* A small frujifaiejit of the r/eeooi/M* oeaeuaHon 
of cholera should he pliw'ed mi a sli^le and 

Htaimid with methyl violet or mcthylem* blue; the 
Huperlluous litpiid must la^ dmiiied ulf, and the |>rn« 
paiation may Hum he examined under a irmgrujfyjof? 
power of from J200 Up InOd dhunctem, iimkin^jp nse 
of an immermtm lens* on which li^jltt h tlimwn by im 
achromatic eonderiHcn 

The comma hmilli then premmt the apjK*aran<?o 
slmwn in Ifig, 87, ami* in spite of the colouring matter, 
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are full of motion and activity, wliicli tlioy retain for 
fioinc time. They are arched in form, and, roughly 
Hpeaking, resomhlc a comma. Their Icngtli is 1 ^ micro- 
millimetres to 2?, micro-millimetres, and tludr width is 
O'G to 0 7 micro-millimotrc. They are often arranged 
in chains or chaplets, so as to appear like the letter kS, 
or several S’s, placed end to end, as we s(‘o in Kig. 87. 
These latter are the most characteristic. (lompar<‘cl 



Fi(f. H7.— Chf(lr*ra wl<*rrjb(‘. or fftfHUnn fmmMa (Kofli)! a «, ihr /Dfft'n’i-it fitrrnN wMrh 
it Iti it'* grimtli urnl divUiiHi intt» rrllM (.Krt'Utly J, ( iilturt^ 

(*f iMdUlIM, UIuilT a. Mimpll* li'IH 

witli tlio riiicrohn of tulnimilosiH, tliiifc of (iliolcra is 
Hhorter and thicker. Its Hpinil Hlmpo has lud to fclio 
holifif that it is an intemnediato form i«!twf‘.cn tii<t 
genera JiiwilliiH and SplrUliim. 

(JoinTna-Hiiapnd mierolMW may Im> fonnd in most 
stagnant and nmning water, i)nt Ui(ty arc in gc,n(‘ral 
much larger, and nono of tlicm presont tlio cliaroc- 
toristic dinicnHions of BckUIuh hnnfnta. 

This hacillus is found in tim riziform grains of 
choleraic evacuations, which aro, us wo know, fomwl 
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by the desquamation of tlie imicoiiH moiabmn<^ of thij 
intestines. The meiuhram*. is, in fact, literally flay‘*d 
from one end to anotlier, find, in consequr^nce of iK 
congestion^ the walls of the. intestim-s are of a hright 
rose colour. The ri/iiform grains consist of Binall 
tufts of epithelial cells, conglomemted togi*tInT, and 
they contain numerous bacilli, 

TI ley are also found in the glarids of the intesliTe* 
into which they penetrate, owing to the tlesqnaination 
of the epithelium. Tht*y have not as yei been fiuuid 
in the kidneys, the urine, or tlu? bhxal. 

Gultunt-s of this microbe on gfdatine or gelose are 
very successful Ivoch lias olMcrverl that it readily 
niultiplic3S in damp limm, or in milk, broth, egg;% 
moistened br(‘ad, potatoes, (d.e. I'lie femperatnre im#st 
favourable to it is from JIO' lif 4b“’, and I'ven at ls!(r it 
still nuililplies on gelatine, JWlow H)" it grows very 
slowly, but docs not periNh, Oold <Iocs not kill it: at 
lO^lndow scero it is still alive, and capable of rrstuning 
all its activity when nqdac(*d in f«iv«uirable ec»ndifion>«. 
This microbe is ailrobic, and soon dies wluui deprived 
of air. 

Wat<ir can serve as its vehiede^, but lines tint supply 
sufficient nutriment, so that ifc mm disappears. 
This, however, is not the mm with stagnant wat<^r 
contfuning organic inattitr. When tlie level i>f sub- 
tt^rnuioan waters sinks, tlio surface water tw?cofin>^ 
morn charged wlUi all kitnls of reftise^ and the 
multiplication of germs bncoiiies mom easy. Ihunfli 
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cultivatod in distilled water die within twelve hours, 
while they can live for a week in drinking-water. 
(Oornil) 

The influence of the level of the subterranean 
waters on the progress of cliolei*a epidemics was 
pointed out in Germany by Pettenkofer long before 
there was any serious idea of regarding a microbe m 
the cause. 

During his recent travels in India, Koch met with 
the comma bacillus in the skiguaut watfirs of that 
country. 

Por a long while the attoin))t faili'd to ropro<luoc 
Asintiti cholijra in animals by injectionH oT comma 
biujilli, and thus to prove the pfirasitic nature of the 
disease. The animals in crmntr5(js attacked by cUohjra 
appear to enjoy iTumunity in this respect. Nicati ami 
llit^tsch at Marmdlles wen?, however, suecessfid in pro- 
ducing cholera by tlie dircjct i»j(ietion of choleraic licpiid 
into the duodenum of guinea-pigs, dogs, etc. Almost 
all these animals died at the end of two or tlinjo days, 
arifl the inflamed intestines contaimul a numln?r of 
comma bacilli, much more vigorous than Uione of the 
inj (action. 

Uoehofontaino, of Paris, Hwallow<sl ffills which 
oontaiiKMl choleraic ovacuatioiiH. lie fldt unwell for 
some days, but no serious eonsotpicnees ensue<l It 
is probable that in this case the acidity of the gastric 
juice attenuated, or partially dostroytMl the bacilli. 
We shall see that acids are, in fact, odvci'sc to the 
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development of the microlir. I'ctclit foninine ali^o 
injected tlio elioloniic virus iniili'c llic hkin of his unii, 
but the operation was only followiMl Oy an n ilcmat. ms 
redness, localized njund the atul ilm rcm- 

stitntional syinjitoum wens iml. so marlii'd as iliriid 
]»roduccd l»y taking the samu virus into tlm flij^-stivo 
canal. 

Fnmni'a Atlnn]>li< at. IiUHUihiftim.- 'Wh li-nds us 
to mention the aUcnipis at inoculalion lojult' hy 
F<!rran on a larj'ij Hcalo in uiidor ilt*’ uuuio of 

anti-cholera vaccinations. 

In 1HS4, Fcrrnn, a Tortosa pli^ysiciaji, was M-nt liy 
the municipality of Barcelona (o study the iidVcrntuH 
affont of cholera at Toulon. fHii preecdiii;j: stiiilhs 
in itiicroyraphy poiiiteil him out for this niissioti. 
lie rotiirned from Toulon, prove led with euldircs of 
the Cfuniua Isicillus, and dovoteil Iiiiuseir to the 
study of its life-history. The lluda rci.i#rted hy him 
differ very tmich from those (.reviously ohservis], and 
cannot be accepted without further it»vesfi;j;jilion. 

According to Ferran, the cholera mierrthit im'scnts 
a polymorphism which has ewnijied itothte in Koclfa 
investigations, and lliosn of (,1m other iniirrographista 
who have obsorv-cd ami ctiltivahul it. When traiw* 
terred to a stiu'dizeil aikalino infusion, tJm cioiuniik 
hacillns inert'ascH in longfh, fonns sinuous tilamMiifi*, 
then swells at <mo rixtremlty imtU !i attatiM to th« 
volume of a red hhsMl-eorpnwslo, tlnia amstHnttrig 
an wigoniuin (illod with protoptaiMii. A transpamut 
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envelope (periplasma) then encloses the oogonium, 
which thus becomes an oosphoro, Oloso to this, on 
the original filament, a small swelling appr^ars, which 
Ferran regards as the polliniilium, or autheridiuni. 
which is intended to fertilize the oosphere and trans- 
form it into an oospore. 

When the rupture of the oospore occurs, tlui 
granules contained in it float in the liqui<l Thos(i 
which have been fertilizinl gi'ow until tluiy are as 
largo as the original oogonium, and constitui<i mul- 
berry-shaped bodii'S, so calhid on aceotiiit of the 
numerous round prfjjeetions or micrococci which 
cause the surfacjo to r(‘Hemhl(4 tliai fruit. 

A very slender filament may soon bo nmi to issuer 
from one of the points of this mulherry-slmptsl body, 
a filament which grows long(‘r, and somctime.s two 
of them apjxiar at once. Tluise filainentH become 
sinuous, twist in H[)iralH, form spirilla, and are then 
segmented so as to form by fission Koclfs ciomma 
bacilli, which are the siarling-ptfint of tlui culture, 
and of this cycle of ovoluthm (Figs. 8H, 89, 90). 

Hence it would appear that the clH)l<>ra inicrohe 
must belong to a much higher group tlian tlmt of 
l)aet<^ria, to which it has been bithorlo assigned. 
This mode of reproduction would sIaow that it is not 
an alga, but a fungus of the group of Pnromm/mrm, 
and it is, in fact, termed by Ftirran J\ Jiantmoim 
while his friends prefer to call it I\ Fenani, after ite 
discoverer. 
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Feiran r(*ganlH tlii.s ppr<jjK)S])»>ra as inf<*etiouH 
agent of cholera. Yet it .sf*enis exiraonlinary that 
such arcmarkahl(* polynua-jthisin shouhi iinvr escapofl 
the observation of Krirli an<l of the miinerous nucro- 




H|<h. ms, ^*1, ftu.-'<^f',vri(iu)hiri #if t’/rtutat: 

I. t lurli*rtt h>*ni, \f 

iMW'illus I.mtn4rrrr»{ IMtn am ih w 

;«rm HiMr a ui >, (, eintiMA ^ m 

pm‘rtn/i; m*vi nt iHitMiiliim mm M»- aihH MruKiritt 

0, Iw rMjl'MtilMIIH Idircl yA‘M\U\v‘* (ftMt'it nMtM Ml nl if, Airfd ^ Ol#‘W 

fMiMvi-re'it ihtM «»i i ffn 

iH t'MnvMifMii titlo irailh'S t>- fi|iw|MnJ Mint 

gra|)hiHtH who havo nwiih* vitriotm oiiHuroN of tho 
comma Iwicilliw. Tfc in (Ulllcult »r>t to HupiHWo tfiat 
«(»mo or cmjr haM vitittM ForrMH'a «<- 
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scarclics, and the first idea which will occur to any 
unprejudiced micrographist, is that P. Fermni is not 
really Koch's comma bacillus, and couscij^uently not 
the cholera microbe.* 

We have, in fact, already shown that numerous 
comma-shaped bacteria, or free cells, arc found in 
water and in the human Ijody, and that these may 
be easily confounded with the true comma bacillus 
when staining reagents and a very pi’(jcisc mode of 
culture am not employed. F<‘n*an hiirisidf statesH that 
this staining process must not be use,d in the culture 
<d' P. FmunL Cornil has, hovv(iV(u*, shown that the 
true eoniina Inmilhis is n(*t (li^stroyiul l»y methyl 
violet. Finkler had previotisly discovered in dfolt^va 
noHtras, which is not (ipiihunic, a coTnma%shaped 
micr(d)o resembling in many respects the one 
described by Ferran. Koch h#tH shown that this 
microlwi, as w<iU as one of similar form found hy 
Lewis in the saliva, does net act in ctdtures like tlu^ 
microbe of Asiatic cholera; Lewis's microbe iloes 
like the cholera bacillus, liquefy gidatine. 

The precautions necessary ft^r the sowings of 
culture liquids are so gn^ab that we may b<‘ penuitbsl 
to doubt wlu^ther F<srrau has always guarded against 
error. Brouarders report shows, after a visit to 

Our (‘ritlriHm on the hticI illuhiriitloim of 

iniornlKj l>o rtppHi‘tU wf^rd woni, to FernurA 

d^Horiptiou nnd UluHtmtioiui of tho tsUrdum mioroho, which ws lutvw 
ro|ir(4uo«tl above. 
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Ferran’w laboratory, tliai tlie iTistnniH*iit.s aiiil nioiluxln 
in UBe tliore were priuulive :ui<l iiiNni!i(*ii)nt. 

Until tbese faetH iiave btMiu euniirme{l by otber 
observers, it seeniH pnab^iit to nvinrfl 7^ Fertund nwA 
B. hirnma as two ab.snhifiOy inif*n»b<\‘4, It 

docs not follow iltat tlie. eiiUnn* Tniniils enijtloyod by 
FoiTan (li<l nut cuniaiu tbe latter, but it is probable 
tliat it uIho coiitaiiied, an<l in lar^jjor nund»<*m, ii wecond 
microbe (0, wliieli is Pvroiumi*in*ih F* rrun k 

It may also be obse.rveil, the injf*<*tion of Formrfs 
culture lipiid into the intestines of ouinea-jti/^s pro- 
duced no etbict, while Huboulaiieuus irjjeriiojm Kutin 
killed tltt^HeanimalH and disiinetly aiteeted nnen Thin 
is precisely tbe op[Jusitt‘. ellbet to that olwrvad ly 
Nicatlaud llietseh at Marseilles, and by JJticbefoniaino 
in Paris. 

This is a crucial dirterenc«\ since it shrews that 
the two microheH are nf>t bh'iif ieah and all our kii(*w- 
led^e of cholera tends to show that its micrt»lat hnit 
a special action on tins intestines/ 

However this may he, Kerran eiirrii*d m Ids 
culture oxpeHtnentH in the eiideavruir to obtain an 
attenuated microlK) which ml^jcht serve for prevmtivc 
inoculations. Ho Indie ves that Im has stiemadi^d^ and 

* Thr* miele l^y (UtlerHiwl Vm Krmertj^en ia Atljpat, 

1HS5, cf^ntlriw thi« otiluirm. AfS r hierulatintt n ef 

«t?mirciiniir to Frrmrt’n hytw«Ieru»l<T WtUi a 

mMxms n(nud» am! tfivin^ th* in litne i » WH*ever, Ihi# iNaiidi mm 
injnoUid luUi ihn Htomuch ef aulm,bU| mat tlmy liU died wttb iW 
ami of oUoiora 
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afttir inoculating himself, he performed the same 
operation on several of his friends ; then on thousands 
of people in different towns of the province of Jiarce- 
Iona, and throughout Spain, 

His inoculation consists in introducing, hy means 
of the small syringe used for hypodtinuic injection, 
about a cubic centimetre of the vaccinal liquid, the 
nature of which is k(‘i)t si^crot by its autlior. There 
is always a certain discomfort afti^r th(^ opi^ration, 
but it disappears at the ond of a f<iw boars. Fcrran 
himself states that one inoculation will not suffice 
to ward off the contagion. A s<*cond, ihirrl, ami oven 
more, are necessary for the attainment of this olyect, 
but the discomfort caused by the optiration always 
bfjcomes less. 

Up to this time tlie results obtaimsd by the pro- 
cess during the recent cijitlemic in Spain are not 
accurately known, since lA^rran has beiui unable to 
produce the official statisUcs whicli are necessary to 
confirm his assertions. 

We are, therefore, ontitbul to vmn^vt) our judg- 
ment, both as to the value claiimid for this vac- 
cination, and as to tho true natuns of tins microlie 
cultivated by Ferran, and considtu'cd by him to lx# 
tho infiicting agent of cholera. If, agtiin, wes n^cur 
to the facts established by Bochefoiitaine, it may be 
asked whether aubcutaneotm injesdion is the true 
mode of inoculation applicable to this tlist^ase, and 
if the process adopted by JBochufontaino, of intro^ 
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dncing tlio attt‘uuati^<l ni5cx‘()1ift into the htorini(;li hy 
means of pills or a linuid, would not tnore rntionaL 
Mode of l^winttjfilioth atitl ur*' of Chfth ru , — 

The xipper part of the (hdta of the (*nng(‘s .srouiH to 
be the original home of c]ir>lt‘ra and its niir*roh(\ 
Below this region, tlie. Htagnunt water on <*ae!i wide 
of tlic i*iver, iiderit<id with evany Hj*e(*ie*<^ of onlnrr, 
rendia's the maritime. l)ase i>f the delta wholly unin- 
habitable. Blit even in its upper pjiri the, land is 
nearly covered hy water. In urdi*r laiild a hoiiNi , 
the earth is heajxid up to raise the level of the soil, 
and the house stands on the mnbankinent, surrounded 
by water. A high temp<u*ature is neeessary to (umblo 
the bacillus tc* livti in wai-er, and it is pndwdde that it 
will never bijcome aceJimntI/.«<d in our eoMer etimute. 
The drainage which has been carried on round (Cal- 
cutta has already rendereil ojudemies less MeriiMUi 
The (ILsiwise is always propagated by inaii. In 
India, Arabia, and Kgypt, its dtllusion is ehielly owing 
to pilgi'images. In Ihutgat Uie pilgrims all bathe 
together in satjretl pools, often only a few s^piare 
metres in Bm\ and receiving smno thonsxinds of umn 
in the coutw of the day, Htreiuuiag with swi^at fiinl 
exhausted by long journeys and inHuHiident ftssl, imcl 
under sueh couditums cholera is often developisi 
From India it pasHos to Arabia by means of the 
Mussuhnan pilgrims, whoso caravjum block tim nar- 
row streetB itl* Mecca every year, and tlnmce it is trans- 
ported to Egypt. Finally, it is carried A Imtuulm 
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toMarseilloa and other Mediterranean ports hy vessels 
which have served for the transport of piljfriins, by 
men, their linen, and other garments. 

It is consB(iuontly by the human body and its 
clothing, or by the water which camos away human 
fioces or has served for the washing of soiled liinni, 
that the infecting microbes arc carried. The air, as 
it has long boon known, need not ho taken into 
account. As early as 1S32, it was obstjrved that the 
wind did not allbct tlio epidemic, which ,s<ie.mcd rather 
to advance like a man travelling by short stages. 

Duclaux’s recent rcsoarcluis show that the sun 
and air attenuate and soon destroy tho niicrobos, and 
that only dead gonns are borne on tho air and wind. 
“ tn order to retain their virulence unimpaired, tlio 
mierobcH must travel in pjwskages of clothing, in bal&s 
of merchandise, or in tho close, moist hold of a vossol. 
In a word, of all agents of sanitation, tho sun is at 
onoo tho most universal, the most ecoaomieal, and 
tho most active to which tho guardians of public 
and private hygiene can have recourse " (J)uelaux), 
Koch has doclarod that acids in general are the 
greatest hindrance to tho devolopmi'nt of tho cholera 
Itocillus. In this way, the acid of tho g»istric juico 
is the best safeguard, and many coses of contagion 
may he explained by the fact that tho large quantity 
of water imbibed has diluted tho gaatric juioe to 
excess, or else that the source of contagion has 
tapidly passed through tho empty stoma<^> and 
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has earned a ]i({uirl eontaining danu'eroUK 
stx’aiglit into the intorttines. Judigehti^^n, and caturrli 
of the stomach and intestiiK'S, rd* which diarrhn-a is 
a symptom, eonstiinte pi*edi.spu.iing of the 

disease. 

Among other stihHtane<*H unfiivonrahht to the ih*- 
velopment of the inicrola*, and thus eons! itiitiiiLr a 
])roveutive of cholera up tf) a emdain stage, w(* may 
mention calcium suljdiatc, ■wliieli acts hy prorlueitig 
sulphurette<l hydrogen gas, also curholic arid, wdleylii? 
acid, thymol, alcohol, acetic arid or vinegar, and 
mustard oil, which, like the oUht vohdile Hnh.danee/, 
already mentioned, eonstituicH an excellent antiweptie 
in an cpide,niic of cholera. 

We shall speak in another chapter of tin* purity 
of drinking-watisr, whhdi in of gn*nt importane*\ and 
of the iinprovcfl filters i«vcuU»d to eliininate the 
microbes which aro not arresUid by ordinary 


IX. The Exanthemata; Scahhatina, SMArh-i*ox, 
Meakokh, Vaccinia. 

Microbes arc fount! in the cruidhniH charjicif^rihtie 
of all these discftscs. Tlicy aro generally nilomc^iooi, 
isolated or in chaplets. 

Mmdm, — BabfeH, in 1880, wa« the iirst to (iiNierita» 
the microcf^cci whicli he obsorved in fchk dincaae, and 
especially in the pnoamonia by whieh it i» often eum- 
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plicated. The blood of the eruption, the catarrhal 
Rocrction of the nose, etc., contain .small round 
bodie.s, isolated or in pairs (in the form of the figure 
8), or more rarely in short chaplets. When thorn i.s 
decided pneumonia, the pulmonary alveoli likewise 
contain isolated bacteria, in the form of an 8, in 
chaplets, and even in zoogloea, or nmsHed togntlujr, 
Babhs has nut yet cultivated nor tried to inoculate 
this micruho. 

More nscently, in January, 1S8;1, Le Piel olmervnd, 
in the urine of ]ier,sonH atlaeke.d by mea.sl(;s, tho 
aiijjoaranee of slightly cnrve<l j'oiIh Qmillm) capable 
of very slow m(»venn'.nts. Their length vario.s twm- 
sidorahly, and the si)ort‘.s appear in a swelling which 
occurs at about a third of the length of each rod. 
This inierobo appciiirs for a few days at the beginning 
of the fever, and disapitriars with the fiwcr, to return 
afresh at tho moment when peeling heglns. Wo know 
that th(i.se are tho two 0 [)oehs of (:ontagi<jn, Tho 
mieroho is found in this scurf, and may ho obtained 
by scraping tho skin with a knife. Lo Ihd succeeded 
in cultivating it in stui'ilizcd urine. In serious cases 
of meosloB, the mieroho remains upon th<> skin and in 
tho urine for wotsks, and oven months. It is probable 
that llalibrt’s micrococcus and Lo Bel's bjuullus are only 
two forms of the same microbe. 

Umrlatina. — Pohl has found, in tho dcsfiuamating 
epidermic colls of this disease, and on the soflb |>alaie, 
micrococci of somewhat smaller size tlnon those of 
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measles. A Ijacfcoriuin in flto form of on 8 Jms a]M> 
been founrl in the nrine of -vor 

Sticklor beliuvoH lliat liii lias n 

for scarlatina, by passin,:^ its vinis fhnMi-jli tlni borse> 
or the cow, Wbrni tliose aiiiniiils ant ^vil.b 

the bloixl of a man Hullbrin^ fnau tbfj ;ni 

(‘T’uption afifiomixinird by (l<*.-?f|iif)iuation nroori 
rla-ys afUn' iiiorulntion. A man imxMiIaf oil will* (bis 
(Icsqaamation <lis|)laye(l a rasln n's**mb]in ;4 that of 
scarlatina, ami whmi tho Hanoi man ^vas atbTwariU 
inoculabtid with human Bcarlatiiia, he did imt take (ho 
diHoaHO, 

mal Vamuh ^ — Wo find iti snudhpot 
pustules microco(!(n, cither isolaiiMl or iinilcd^ which 
may bo sciui on a Hocti<m of the .shin if (lioy arn 
coloured with im'diyi vioI«‘t. ’’riui saim^ microlic may 
bo obsi'rvcd on the pu.sttdcs of tic’s mucou/i niroibranc 
of tlui laryuK, iii tint Hvo.t, the kidueyM, ntnl tlm bloicl 
of tlio vena portaj. Hio attruupt h) cultivate it him 
hitlifirto failed. 

The Tnioroeocons founrl in wmall-pox pustules doeg 
not ditler in its form from iliafc of <mw-pos in c<m% 
which constituiim, as wo know, (lui ori*j^inal sonmo 
of human vaccino. It in not ytft corlaiu that fcho 
microhoH ot Hmall-pojc and vaccinia art) idontiwil, hut 
from the roHcmhlance of the pustules and of the micro- 
cocci contained in thtun, it in numt probable that this 
k the case, and this would explain why vmscirie m 
aiHcacious m a preventive of amall-pof.. 
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It may bo UKcful to rotraco hero the enrious liisfory 
ot vaooiuo, isiucc it is directly iiitorostin^ to us all. 



Fig. SfTtlon of «kln covering & HmnU-pov pi^fnb*! «. horny Uyor of ttin 
(‘pM'-niilMi tttiuHold tlHUtttt; mi mf iuU’i(K*of(.()i hiutiofl wlih mHhyi violot 
H(>U (UaUL). 

Uoforo vaccuui wjis (liscovored, iiioeulation with 
small -pux was practisud os a X'l’tivuutivu miiOHuro. 
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This inoculation was known to thn Araks ainl Cliinfso 
as early as the contnry, hut it ^\as <lomr(l by 

physicians, and only ]>rad-iMMl 1/y wianrn. la fiidia 
it was practised by the ih'a.hnnns, and a ]>iibJic crier 
announced that lie had sinall-pox virus in i-rlh 

In 1717, Lady Mary Woriley wife of 

the Enj^'llsh Ambassador in (hjaslanliimplo, cbaurnMl 
to SCO tlui opiiration performed by an old Tlu- ,jj)Iiau 
woman, wlio always accompanied the puricfurc ubh 
practices lif witchcraft and superstithms u Sli»! 

asserted that the Virgin hersidf had appeared to reve*ai 
the secret to her, ami boasted of Imvhi;^^ f^erformed 
inoculation in more than 4(),0db cases. Lady Mary 
was so much impr('s.scd by the resulU obfaim^d that 
she had her son imsadated, ami it is saiti ihaf the «dd 
ThesHalian luuidled her rusty needlij so uii,^ihi!fully 
that Haiti, 'ind, the physician attached bi the emba^ey, 
was obliged linisli the operation. On licr return b* 
England, Lady Alaiiy made the success of the cspcrL 
incut generally known. George I authiu’i^fsl tho 
inoealatiou of six prismne’H in Newgate, and then of 
six orpbauH. The operation w^as jarformed by AfaiL 
land and crowned with success, lunl ho wa?< then 
allowed to imiculabj members of the royal faiinlyt 
and more than 200 (db(‘r prrsonH. 

The practictj was, bowewer, comlemned by the 
chrgy, who considered it to bo humoral and aniL 
religiouH, as lining op|h*ni.hI to tlm divine rights and 
win Some failures, such lis ilm death oi L>rdi Sunder- 
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land's son, awakened alarm, and caused inoculation to 
be discredited. 

Notwitbsianding tlil.s, it was introduced into France 
in 1723 by De La Costa, and accepted Ijy Chirac, 
Helvotius, and by otlior physicians of the day. 
Although oj>pofiod by the niajfU’lty, and oHicially cou- 
dcumed l)y a decree of the Sorboime in 1753, as “un- 
lawful and contrary to the law of Cod’* — a decree 
oflicially confirmed by tlic faculty of nuMlir.ine in 1703 
— inoculation coiitiuiujd to be ]>ractiHiul up to the 
time when vaccination was substituted ft>r it. 

Vaccination a]>j»ears to have laum pnu'tisitd in 
Asia in earlier times. However this may be, it was 
known in the south of Franco that farm wnwaTits wlu^ 
had been alleeted by cow-pox were secunul against 
small-pox. Tlutso pustules geni', rally occur on the 
udd(jr, and the milkers were inoculated with tho 
vaccine matter, tUr()Ugh srnna accidiuibil scrabdi on 
their hatuls. Kabault, a Frenchman, comrrmniaited 
this ftmt in 1798 to l*ew, an Englisli physician and 
a friond of Jenner. To Jeimer wo must assign tho 
merit of understanding tho importance of this fact, 
and deducing from it ono of tho most admirable dis- 
covothjs of modem medicine, tho puiventivo method 
which continually tends to become mere gc,neral, and 
to be extemdod to other diseases, espitcially since 
Fastour’s late researches into vaccination for anthrax 
and for fowl-cholera 

Fasteur has also shown tliat the microbes are tlie 
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active principle of the vaeciiip vijms. The. nerd 

only bo deprived by filtmtion of its hi 

order to become inert, and eonsr^pimitly unlit for 
in vaccinaLion. 


X. The Miouoijks of ChiotTp and Wnor>i*iN4j-i*nr(in, 

The parasitic iiaturij of crotip and diphtheria, wirudj 
had long bcoji Bnsjiecbtd, was only sliosvri in lH>t 
by the researches of two Atiiorican physiedans, Wih^J 
and Furinad. In the Hj)ring (»f that y<‘ur a vory 
serious epidemic of croup occ.tuTcjd at Liidington, a 
small town on tins horthu’s of halof Michigan, (hue 
the printfipal industry Is chfrivfjfl from tint noi;'hho!irijrj: 
forests, tho trees (>f wliieh are sawn into pljuih.s in tins 
numerous saw-pi is, and (hus employ almost tint svhojo 
working pr^pulatiom Tim town stands on a height, 
with the oxet^ptiou of one (umiie.r of it, whir*h is built 
on very low, marshy grou ml, partly tip with «a.H - 
dusi Hero the soil is so wet that vihen a wnuill liolu 
is dug, it fills with water immedifUely, and cellars arc 
almost unknown. It was in this qiiari^^r iltat ihu 
ephUjmic was so stjvero; alriiimt all the cliildrott 
attacked by it, and a tliird of them hml almdy di([if4 

B'ormad went to Ijiuliugion to study the e|4distiric 
and collect mabjtrials for oxperimeni«* In all thc^*o 
cases of crf>up, tho blood was full of r|rti<?*W^oei Wong-* 
ing to Mkeomcm d^ptdhm^km^ some 



filO MICKOBES, PEEMENTS, AND MOULDS. 

united in the form of zooglom, that is agglutinated in 
Riuall uiiisHCs ; others, again, in the colourle.s,s cor])UKcles 
of the blood. All the organs, and esi)ccially tho 
Icidiieys, were Ukewi.se Ulled with them. 

With tho inatorials gathered at Lndiiigton, Wood 
and Formad made some ex[yerimcnt.s in cultures, and 
vv(*re able to inoculate rabbits with ci'oup. I’liese 
inoculations wore made .sul)cutaneously, in the musclttB 
and traohea, and were followed l»y tho production of 
false membranes, and tins animats died with all tho 
syiuptonis of diphtheria. Tl»o bluotl was full of micro- 
cocci. An (lamination of living animals showed that 
the mi(!r(»eoecus ihst atiacketd the colmirlc.sM corpusch's, 
within whicli tludr vibratiio motion (jould Ixj observed. 
I'lu) corpuschi changed in appisaranco, th(j grannies rlis- 
api«5ared, and it hecarno so lull of microctocci that they 
could no longijr move : th<yy grew until tliey caused tho 
rupture of tho corpuscle, ami then escaped in tho form 
of an iri’egular mass, which constitutes tho soot/lm/,. 
(kirpuHcles filled with luierococui were found in tho 
false membrane ; in the small vessels, whieli they dilatt* 
and completely obliiornto; aiul even in the marrow of 
tho bones. 

Cultures made in flaslcs afforded imj»ortant results. 
A comparison of the sowings made with mioroc(jcci 
coli(!et(yd at Ludlngton with those found in the 
ordinary diphtluJiibie angina, which is (iomiiuni at Phila- 
delphia, showed a great difforencts hi the vifality and 
virulent properties of microbes derived from Uteso two 
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sources. The former itmliiplied rapidly and 
cally, fluccoedhig each oUior upto the Ifuih ; 4 r?iorntioii, 
wliilc those from rhiktlelj>hia <»nly to the fourth 
or fifth generation, and tliose tak<ui Inuu ilnj toJriuo 
did not go hiyoiid tin* tlkird. It must ho oh,M*rvod tltat 
the diphtlioritic angina of Pliiladrlphia is luurh l(“^s 
fatal than croup, and first attemi>fH nt intKUilaihui 
made by Formad Jind Wood produor*d flmd^itul roMilt t, 
priicisely l)ecauHi‘. they won? niadi^ with the inirnd^n 
of diphtheritic angina, which is an aUnundod form 
of the tuicroho of crotip. The organism is the sanio, 
but it ia mr)difi(jd by the inodiurn in which it is 
developcid, and the vitality of arl ilicial (uiltiiros is in 
direct proportitm to the malignity <»f thi? di>oaxij from 
which the germs for sowings am doriviMl, 

The fblhnvirig theory may he deiinei*d from thc '-o 
facts, which will explain all mso.H of diphtlnuia:- A 
child contracts a simple (‘atarrhal angina, cudary ngit is; 
the micrococci, which up to thin time* remsnmid im»rt 
in the mouth, hegiu ti» grinv and multiply under t!m 
influence of the inflaminatory produc'is which favour 
their developtneiit; the plant which has bcr*n dcaiuant 
becomes widely cUffustul There am ineny degriUi^ 
between croup witli maligtianfc compUcnlirui# and tha 
mildest form of diphtlmriti<5 atigiua, as all praittieal 
physicians know. More or hm numerotia of 

micrococci iloat in the air, or --which appcawl to 
the case at Ludingtom-Hm conveyml in drinking** 
water, and they may euc(Malfc<^r tmw or km favaumbln 
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conditions. If they settle on a cliiLFs tender tliroat, 
prcdisporiC<l for tlicir reception by sli^^dit inilannnation, 
they develop there with frightful rapidity, and 
produce croxip, and then cliidithoiha, which is soon 
fatal calculates that their mnnhiT may be 

doubled within twenty minutes. The i>laiit, of wdiieh 
the activity is increased by its culture in the iku’sou of 
one patient, may be expfdlcd with the br(‘ath so as 
to inh*ct another individual And just as thttro are 
diirerent de^^rees of activity in the plant, ho the 
may he more (jr less conta,t*’iouH, and those of malig- 
nant diphtheria are more to b<i feansl than those of 
the (mliuary di])htlusritic angina, 

WluiU we couHider the reiuedicH to be (employed 
against the ravag(^H of this cruel disease, it should 
first bo obsojwod that the only eff(i(?t of thc^ operation 
of tracheotomy, which is successful in barfdy a third 
of tho cases, is to admit air into the child’s lungs* 
Its first curative effect, therefore, consiHls in saving tln^ 
child from tho a-sphyxia by which it is thrc^abstied, 
and in giving time to apply remedies, but auoUH^r 
explanation is necessary when thiM op<‘rati(ai alone is 
enough to effect a cure. Pasteur has sliown that pro- 
longed eontiict with tho air produ<;e,H a real attcinuatiou 
of virulent microljcs. Wood and Format! Itave estab- 
lishetl similar facts, for when the falsti membranes tif 
eroup procured at Ludingtou had been exi>oHetl to the 
air for several weeks, until tlu^y wore completely 
desiccated, they beoanio perfectly inert* nofcwithatand- 
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ing tlieir formor virnh,*iice. They wt;ro, hf/wever, not. 
dead, since tiny werii still of r* production, l>Ui 

only up to the tliird or fuurili gruf-nuinu. It 
tliorofore, bo admitted tliai ibti fret! .'km'o.-s of air givrji 
by traclmotumy, may att(‘nuute tliu virulomu; of ihr 
micvococcuH (d* croup. 

Too nnieli cannot bo said against tluj misiH^‘ of 
omctjcH,wbie]i iH,nnlbrtun!it(‘ly,vory <*onunoii/ inri; llioy 
are readily arlminisbu'ed by j»arent-; wilhoutf imalienl 
advice. A n'gular ometic of \vlii<rli the action 
much more violent than that of ipi'cartintihu slmUid 
never bo giv^ui. The mieroern'ei ari‘> only found in 
the most Hupe.rfichil layers of tlu* fal is mmahram* '. 
and wheji tlie.scj are reriu>vod,Hn irriUb’d and 
muc(>uH inenihnui(‘. ntma ins, which had been |uvviou d^\ 
protected by tlm falser luiunbrane from imiiiedinte 
contifict with t.he nderolms: ihcMH now puss without 
diflh’.uUy into ilte bhuMl, Thu-s the grouml may In 
mid to hi prepared and nunli^refi more favoumbl^^ 
for the mull iplicsitiou of l-lnt inicroct,»rr*i, which arc 
eowu there afresh, ami are reproiluct*d witj* frightful 
raphli ty. 

The most cfreetual nuiK^ly has been proarrlb<^d by 
Dr* F(>ntai)ut of ISar-sur-SfUim* It consh^ts in 
istering Bulphurons drugs, in fbe form of itulpbati^ 
ol calcium, ho as to protlut^e in the 
slow (liHtingagfunenfc of Huliibiirotiod bydrogon g<i«* 
which checkn the devi?lo[umuifc «if microta^ or athmn* 
%tm tludr viruleuco* It imh 4 scarcely bu mi«l that 
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tins treatment must Login at once, l>ef()re tlio micro- 
cocci liavo penetrated into tlio blood. At the Hamo 
time a gargle of lemon-juice or citric acnl hLouM be 
used, wLicli slirivols up the false mL‘iu'l)raiics without 
fureibly detaching them. The action of this achl is 
explained by the fact that, for the most part, miitrobes 
only thrive in an alkaline medium. By this treat- 
ment Fontaine has been al)le to sav(i nino-binths of 
his patients, wliilo all other nuxles of treatment 
liave only su(ic(M‘do<l in a third of tlni cases, and tho 
proportion is often nnudi smaller. 

I’lie lirst niscarchos ma<le in Huropo on the 
nucrobo of dipliiheria tlatc from 1 MTS, at which time 
Kiel IS gave an exact difseription of it under tho 
name SphttwUumu 3u most eases ho 

observed two forms; mierocoeci an<l rods or bacilli. 
Struck by the great dideroncu in inbawity which tho 
disease presents in dillercnt ej>idcmics, he statos in 
his later works that there are two kiiuls of diphtheria, 
duo to tho predominance of one or otlum of tlusso two 
forms, one of which he terms mictwfiunne,, and tho 
other hacillary. The former may bo obwowed in the 
east of Europe, ami es]M‘cially in Jlungary; while 
the latter is more connnon in Swit/.erland and tho 
west, including Franco. The first is chhdiy found 
upoti the tonsils, and is loss serious j whiles the bficillary 
form soon attacks the larynx ami fcracdina, and pro- 
duces bloorl-poiHoning, wliich is rapidly fatoh Tho 
bacilli, which are, like those of tuberculosis, very 
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minute, remain on tlm siirfacM^ of tlu* false nuaubrane'^, 
more rarely witliin them, and on the surface of tlui 
inflamed mucous niemhraiie. 

Lofflor undertook expenments in culture atel 
inoculation which confirm Kicks’ opiiiioiu Ihi :mh‘- 
ceeded in isolating and cultivating srperntijly t'ne 
Microsimvii, OT iiiicrt>coccns, and the hocillus, v/hirdi 
makes it prohahle that those arc two distinct .sja,*ci‘ r. 
The chaplets of nilcroeocci, cultivated si^puratidy and 
used to inociilatrj animals, do not produce tlijddhiuh*! ; 
the bacilli, on the other liaml, cause the tonnation of 
false mcmhraiHjs, hut do not exactly rr produco tlio 
diphtheria of the human stihjcci 

Oorniland Bahbs have likewinn Hiitdied these i\Mi 
forms of miendjes. They have ascortaimnl that tiet 
bacilli aro more germrally fouml m the IHIsfi mem- 
branoH of tlut skin, ami ilm inier(ro(‘ci in thosf' tjf tht^ 
throat and larynx. ,15ut in almost all easi'H they hav*i 
found bacJlli, w)ogloea, and cIutjdetH of miemeoed 
associated together in the false inemhram?s, even in 
those of the skin, ami hadlli in tlio.si‘ f)f the thrimt. 

Oornil and M.dgnin have studied Urn spontaneous 
diphtheria poultry and thimestie unruiruperlji. Tim 
anatomical h'.sicmH and the form <if the intembes 
approximati^ to those of human diphtheria, and oases 
of contagion bc.twis*n the crilf and imiit have Ijtsm 
observed Yet direct imKuitation has failed, so that it 
is still imposHiblo to afiirin tlm identity of the two 
disoasea. 
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We do not iliink that the dual nature of luiman 
di pi I theria, indicated by the researcliOH of Kl(‘bH and 
Ldfflcr, is yet cstabliwliod. Tlic syiiiptonis, ajid still 
more the histologitjal lesions of this disease, are in 
favour of its unity, and it may be owiny to other 
causes tliat the disease is more or less seviirc. 

The well-known polymorphism of microbes h^ads 
us to think tliat the bacilli represiuit the, adult form, 
and the micrococci, or Jl//cms'po/vm, the early ff>nn of 
a single species, which is in all (»ns(‘s the cause of 
<liphtheria and of its several manilVstations — croup, 
diphtluu'ia, etc. Fiirtluu* i’(iS(‘4ireli<^s arc netK^ssary to 
decide this (piestion. 

Who<)i>Ui(j-comjh and In/fanivt , — Tjurger ha»B 
labily (lLscov(‘r<‘d rods in the form of an 8 in tho 
sputmn of whot)ping-eongh 5 the.y are found in groat 
numbers in the white scum, and arc e,vm\ visible to 
tho naked eye, and, like many oUut liacbiria, they 
can bo stained by methyl vhdet. Tt> this microbe 
whooping-cough and its ndnpMCH are due, and it Is 
always present. It has not yet be(m culLivabffl. 

lufluenm rosombles whooping-cmigli in the course 
it takes, and is probably also causfMl by mh'robcs* 
Iiiiterich 1ms found micrococci in the blood, to which 
he ascribes this disease, but liis rcistjarches must be 
ropont(sl witli greater earn. 

Gjrtain facts observed in medical practice have 
led to tho surmise that whot>i)ing-cough may l>o 
garded aa an attenuated form of croup, just m vaccinia 
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is an attenuated form of sinall-pox. The sumo treat- 
ment applies to both diseases. When iJte jjalieut is 
kept in the purifyin,tj chamber of a inannfart(M*y, 
where there is a consLanfe of aei<l 

vapours, sulphuretted liydro^y;nn, hydi’o-t^.fU'bonJ, coal 
tar, honzino, carbolic acid, etc,, the microbes rmlH‘tl!lrd 
in the throat and lungs are atfoimab-d. Siil[»lj,ab* uf 
calcium is a successful remedy in wh(*oitiug ‘Cuugh as 
well as in croup. 

Children who have luwl whoojdng-cou'jfh, or who 
are passing througlu the disease, nirejy coiuract <rroup 
even when it is epidemic, although ealnn'h,, ioflomum- 
tion of the broncliial tubes, ulcerailon <»f tbe mouth, 
and general debility, are all predisposing eane**H of 
croup. The f[U()Stion iluTebu'e arises whether whof^p^ 
ing-congli does not act as a sort <jf proveiitlvo. vaeehiu- 
iiou wliicli may sm've m a protf*eiiun against erotip. 
Further ntsearclu^s and observations should bo mado 
in this dirtMiUon, if that wldcdi we now indieutu can 
be CBtablished m a fact 


XL The MrouonES op PirTfirsr« and or LKPBOir. 

Those two microhoH are ho similar in fmn timfc U 
is netsessary to have rc(»(mrMf» f^> (diemteal and 

tf) staining proceBses in ordtT to (listitignish Wmm 
clearly. Both asBunui the form of an ti* or of 
elongated roda^ ao mmute that it i» mt aurpriBmg 
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that the bacillus should have so long eliulcd the 
observation of the physiologists who Inivo studied the 
tubercle of phthisis under the microscope. Tlie form 
of both microbes assigns them to the genus JxtctlluH. 

The experiments of Villemin, begun ton or twelve 
years ago, Jirst showed the parasitic natui'o of tuber- 
cnlosis, or pulmonary phthisis. Villcmin inoculak'd 
rabbits with tubercular matter, showing that the 
disease was essentially contagions. More recently 
Toussaiiit and Koch have cultivated the microbe in 
a closed vessel, and have inoculated animals with the 
produce of thes culture; all these animals died with 
symptoms of tuborcuhjsis. 

The still more recent researches of Oomil, as ho 
stated in May, ISfiU, befons the A<‘.ademy of Medicine, 
liavo confirmed the parasitic nature of this terrible 
disease. The microbe has beem foutid in the giant 
cells of tho tuborebi and in tbo spntura of consumptive 
patients ; it has lastm found in the colourless corpuscles 
of the blood, hy which it is conveyed into all parts of 
tho system, and it is also found in all tho orgjurn in 
which a tubercle can bo developed. 

The bacillus of tuberculosis is somewhat smaller 
tlian that of leprosy. Each bacillus is from three to 
four micro-millimotroB in length. They are generally 
found associated in tho form of chains or chaplotB—at 
any rate, this is tho case in tho sputum, as we see in. 
h’ig. 01 a Koch has cultivated them in gclatiaiaed 
blood-serum. Their growth Is very slow. 
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Now that this is known, it is easy to explain tho 
facts of direct contagion which are so fn-^ juent among 
people living tf)geth(u*, and especially from a Inishaud 
to a wife, or conversely. Hinee the hn‘atli of a c<ai- 
sumptive jjatient is always charged with g<‘nnn of 
the microbe, which abound in the caviti^'s in whicb 



l-lg. au. M U In th(n*iiniu»u c.f a finiwimptlv#* pMUui i hAVlIlJ, I 
Oi) «r In tlH‘ al (M ami |.iKmHitM! i^iu «,f th.* hm , U, n,ifm 
bud U, lom-tUcr In ei<« Hi^nium. HUimi hy 

indliyl (miu'U i‘uiArg«'U), * 


tho Hputnm in foninid, it could not pf>HHil>ly In,' other* 
wiBa Tho followiiijf Htjit^oiu'iitN of arc (nkon fr*un 
Dobovo’s cliuical Iccturiiw at tho Hiwpital do la Pitiii 
“Joan, a tuborculoim pationt, wiw marritwi to 
Antomotte,a younj; woman with no provifntH tondancy 
to tuborculoHiB. Jean diuti, lunl Kia wifit bt^aaiaa 
phthisical, Bho w««* rtsmarriod to Ixjuis. who had 
likewise no phthisical taint; Lonia and Alttoiuotto 
both <lied of phthisis, Tho iiiooo uf tho latter, oqtiolly 
without phthisical taint» contracted tho diaoewt i« 
nnrsing her aunt, then ntamod, and hor husband wan 

Q 
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m his turn attacked by phthisis. All these people 
ruHided in a i)lace in which it was easy to verity the 
absence of hereditary tainf 

Hero are other observations of the same nature 
A young woman without hereditary taint nursed 
a phthisical patient and contracted phthisis. She 
returned home, and communicated the disease to the 
six sisters with whom she lived. One sister survived, 
but she was not living with her family, 

A soldier became jdithisieal whih', with his regi- 
ment, ami was tlierelbre discharged, and returned to 
liis family. Ifis father, niotluu*, two brothers, and a 
neighbour who nursed tlumi, became plitlusicaL Yet 
none of them W(ire j)redispos(‘d by luireditary taint. 

‘^A girl retunuid from school In consumption; on 
her death her room and clotlu^s passed to her siste.r, 
who died of the same disease. A third sister died 
under lik(i comUtions. As their parents still survive, 
it is clear that the disease was not <lue to heredity/’ 
This does not imply that lifiredity plays no part 
in the transmission of the disease, for the aminivy is 
proved; yet such transnussion often occims after the 
child is born, and sometimes the nurse by whom it 
is suckled may be the source of contagion. 

Jn the case of children brought up by hand, the 
infection may come from cow’s milk which has not 
been boiled. (Jews are often attacked by tuberculosis, 
ami uunuu'ouH bacilli have been fouml in the teats and 
,milk of these animals. This indicatcH the necessity 
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of boiling tlio milk used for food, cHjjr‘{d»i]Iy in tin* 
case of children, at any rate when the source is un- 
known.* 

Phthisis is, as wn know, a .slow disc.-i'j**, prolrtibly 
bocaaso the inierobo i.s anaiiroliic, and lives within the 
cellular tissue, not in the hlixid, which it m-Ti-ly tra- 
verses. The slow pritgritss of tins disi-asi* i>X]i!)iin,s ih>.* 
cases of spoutaneoiis cure elfcctisl by the ('.ximlsioii of 
the microbe in the 8putiuri,or by tiie tubi‘rcl<’.s {ias-,ii)g 
into a cretnceou.s condition, which causes the destruc- 
tion of the bacteria encystcil in them, Jlence al.so 
the fact that all tlu? cause's whi<*h weaken the cmisti- 
tution, bad food, overwork, inflniiimaf(<ry disea-es, 
prcignancy, etc., hasten the end of eonsiimitlivo per- 
sons. Those who arcs atbu-ked by the tliseasn juay, 
if rich enough to live in the South, aiid to follow 
with carts tins hygienic preseriptioms td’ (lie phyeiei/iii, 
often attain an advaiineil age, in npite of (he h sions 
which remain latent in tlie orgatii.sm, provii|"d al.'o 
they commit no impnultsnce in the matter of diet. 

It is therefore important to maintain the strengtlt 
of coTuumiptivo jsathsntH by tonics, liy a nourishing .Ibd, 
and hy an hygitsne as strictly proteetive an {sHsllde. 
The good cltl'cts of creosote, of sulphur wnUu's, etc., 
are due, as in diphtlmria, to the atUoniation of the 

• Tlita jirnimiitlon iK .'riiiiilly • fllctuiiiiiia to wsnl tiff typlietd fiwcf. 
In (Ktvcml « <if thin (ll/tiiMSttiut i w|i.vliiliy In Kiisrirtml, liifinlr* 

ItiiH bIkwii Unit milk wua Urn veliifln of (sniiluKion, HUmr fWiin Uio 
Wtttur with wliirli it wiia mlHltemhnl, or f«<m Umt wu< unul 

to wimU the vutMih) iu wlik'h It wus li 
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vinxlent properties of the microbe. Hanson considers 
that alkalis, not acids, are the best antisepties in this 
disease. 

Tubercular leprosy, termed elephantiasis by the 
ancients, is caused by tubercles seated in the skin, 
and containing a bacillus gn-atly restmibling that of 
phthisis, but larger (Fig. !)2). This microbe is anaii- 



Klie. n * -fkclUl oflmtonyi iwyntt'fJ In thp HulMMifuni^ouH nnmwstlvo tlwiup nf tlm Hkhi 
(much HiUiKint), 

nd)ic, and can only live in the dermic cells, in which 
it is oncysteil. Hence the treatment which experi- 
ence, preceding the theory, showwl to l«* the most 
efficacious : instead of keeping the xileors covered, they 
should be exposed to the air ami sun, often washed, 
and kxspt as clean as possible. This disease, which is 
essentially contagious, is very rare in Europe, but 
common in Egypt and throughout Asia. 
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XII The Microbe of Pnir-moxia. 

One of the most imjiortant iuicr<»}fra])hic rtis- 
coverios of late years is that a iiiicrohe is always 
present in inflaiiunation of the lun;^s, or jaieiimonia. 
This disease was long considered, anil is still con- 
sidered Ijy the majority of doctors, to he altogether 
independent of any parasitic infection. It is snch 
a matter of tradition, both among patients and their 
doctors, to ascribe this di-sease to accidental causes, 
and especially to a sudden chill, that the parasitic 
doctrine of pneumonia at once cncmmtered a lively 




FIk* i)3.- Mlitttawtii In fiinituiu iif iint'UKintrtla : h lif**'.. ’df ' ^ In tywiFtwiMn 

cHlh Ut t’i u»w U(t a'llt't (iHwU 


opposition. It is, however, now impossible to deny 
the important part taken by microbes in the trans- 
mission of this diseaHc. 

The raicrobo of pnouimmia waa di»cov«fi«l 
Friodlander anil l^alamon in 1MH2, It outuiiiHtM of 
micrococci, often assiKiiated in an H or in short oboiiM 
(Fig. 03), and found in the sputum and lungs of 
pneumonic patients, either detached or oncysiod in tho 
lympluitic cells. 
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Under a .strong magnifying power, thi.s micrococcn.s 
is soon to bo shaped like a laneo-hoad, and short rods, 
i orminating in a cone, are found with it. It i.s probable 
that the micrococcus is the early form of the uiicrobo, 
which boeomoH a bacillus in the adult form (Coniil). 

The presence of a microlie in juieinnonia explains 
many facts wdiich had romainoil obscure in this 
(li,soa.so, especially tho ei»iileinics in a rotan or honH<>, 
when .several jicnsons living together aro succ<'ssively 
atbicked by jinouiiionia. It likewise, explains the 
re, semblance, which has long beiui intlicattsl by their 
fi<uimion nam(», be.twoen the jmenmonia of man and 
tho contagious pneumonia of cattle, which is well 
known to be e.HS(!ntially epidemic, transmissible by 
contact and inoculation. 

A culture of tins microbe of pneumonia can bo 
miido, and when it is inoculated into tho tissno of llu“ 
lung, it produces in aninml.s a true j)ncumoriia. 


Xin. Rome othkii Dfskaseh (jausrd bv MrnttnnKs. 

Wo shall only say a few words almut several other 
diwiuscis, aflmittod to bo contagious, and in which tlio 
pn'scnc<! of a special microbe has been ascortaiiujd. 

In the pus-coq>u8clc8 of gonorrhnia, very minuto 
and niobihi micrococci may Ihj observed, often associated 
in pairs, in fours, or in a small moss, but rarely in 
diapluts (Fig. 04). 
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The Rame micrococcus, or, at any ratis a mierolio 
which cannot 1)0 <H.stin^‘uisln‘<l from it, is often found 
in tho purulent ophthalmia of mnv-honi infants. Jt 
is difficult to admit, even wh<‘n W(t mako allr»waiici* 
for the great Hnsc(‘ptihility of an infantV oyos ii.t thi* 
moment of hirth, that such ophtlmlmia is always 
gonorrhoeal origin. Jhiwevor this nuiy he, the 
micrococci of jmrulont ophthalmia rcMtmhh* thos*^ ui 
gonorrluna, and tho same iri'iitment is applicahha 
The solution of nitrate of silver in a dihitod form, 
generally employed in mai<?rnity Jm^pitals, as a pr*t* 



Vlg. J)J.— -iVllM of tun lU Ii»»ur'< ufar lih fli w t/;«v '• 

Movt'ral fomiwrU lirHon ut'tiu'lr iiiivlol, niul ttiltnifnu'i niu^Ut^ lit tli»r 
(X fltiu ttlHiii.r 

vontivo treatment of infant opfitlialtiiia, liat* con- 
HidcmMy r<‘<lnco(l tlm intfiiwity of Hun tliwjiNi* 

Tho rod, malmloroiiH Hwoat of tho n.niu>it» in duo 
to tho proHonco of a tniondio, whkdt is found freo In 
tho HWoat, or iniissod in tho Amu of n an«l 

adhorent to tho hair of tho skin. Tho n«l oolowr is 
not dtui to iron, for no tratai of* tins HMttal is nmsaW 
ity nTinlysiH ; It ap{>K»xiinatos in Its luittitt) to tlmt of 
Uiei'ocowits pmUfjU»m». It may Is* cultivatod it» 
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white of egg at a temperature of in which it 
rot4ainB its characteristic colour. 

In a sweating foot, of which tlu^ Kni(*ll is so 
offensive, Roscnhach found a short, thick rod, which 
is at once a&obic and anaerobic, is rapidly diwelopcd, 
and retains its offensivti smell when cultivat<i<l (Fig. i)o). 

In the gangrene of lung Ixnies, the samo ohserver 

riff. d:>. -RanlUnof FIk Wlilug 

te* t-ftwi'iit. nfl' . 

liaH found a Hiinilar l^anilliiH, whinh, likn the forfsgoini^ 
one, produeoH by inoculation a local alfi'ction, more or 
less strouf'ly marked (Kig. {)<)). 

Waris.— Wo know that a wart is solf-sown, and 
appoars to contain a ctmtaoions prineiplo. 'riii't is 
Tomasi Crudoli's Jiutthtriu/M jKtrrl, and is Juinutis and 
in the form of an «. 

Among tho disisasi'H <liio to niicrobiw wn miisi 
include mutnim, epidomio goitro, is|Mt!u'lial xitohIh of 
tlu) oyo, polypus of tlio nasal wmal, of wludj tlio 
coucrutions arc fonued of 8treitMkru Fomten, etc. 



XIV. THK Mi01M>BB op EBYKU*Kr.AS. 

Erysipelas belongs Iwth to int<trtial ajid ©xt*>mal 
|)atliiclogy. It is HomctlinoH uuuiifustcd m a speoiat 
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primary disoaBC, cliaracterixerl ly the infhmiiuation of 
the Bkin, and sometiiuoH as a secondary crnuplicatiou 
of wounds, sores, and surgical ojxjrath^ns. In any casti, 
the course taken ly the disctase and its contagiouh 
nature enables us to assume the pr<*K<uKM‘ of a iui(jroh(f» 
Martin, Volkmann, and Iliiter found l*acttrria in the 
patches of skin; and Hayiun found theju in ihe pus of 
meningitis, which followed erysipohiH of tlu* face. 
Lukoniski was able to inoculate rabbits with the 
disease, which may also be coiniuunieated by vaccine 
lymph, taken from a chihl sulferiug fivun erysipedas. 
Fohleisen has cultivated the micro}>o in it pure stairs 



Fig, 07 .— BfCtlon of iIk‘ nkln In : thi' (4) I44 fntl ut 

iukr<>U‘H (m) In h'm «r rhuln«t <, i'«iingn;ilvi» ^ «i*i» 4mm.). 


and liaH inociilatud tnan with it, alwayH ri^proilucSitg 
oryHi]K)laH with itH characturiHtioH and iyitical eimnio. 
AntiHoptioH, Huoh an oarixiltc acid attd anaii>gY»ua Hitlb* 
HtanccM, employed oithor an outward appUcatitmii or $m 
HulioutanciouH injoctiotuii, have Imhui in many 

in»tancoH in arrtiHting thu dovulopuiont of tho liiNOaiw. 

Erynipolas Bcrv(» aa tho trarwition to tluMiO diwifiMva 
within the domain of mirjjory, and which am genwfally 
duo to ftoroH, wounds, and oporatlona. 
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XV. Microbes of Pus; Pyaemia and Septkja-lmia, 

Sores and surgical operations are often followed 
by a general pedsoning of the l»lood and of the whole 
system — a sev^ero affection which is rapidly fatal, and 
characterized by the presencci r>f pns-corpuscles in con- 
sidiirable numbers in th(* blood an<l in the principal 
organa Togfdlier wdth tliesi* pns-corpnschss th(‘ro is 
always a sp(‘cial microbe, ti‘rmed il/fVroeoer^M 
which, Iik<‘ tlmt of diphlheria, may <dthm’ appear free 
or in thi* form of chajihits (rlhtlo), or in the inbn'ior 
of the C(ilourlt*sH cm'pnscles of pns, or emhrymnc cells, 
of wdiicli it effects tlu^ rnptnre in tlu^ bo'in of cooj//om. 

This mi<;rob«% or others of 
allieNl Hp<‘cie.s are the hn- 
intsliatcH^ansn of that [joison- 
ing of the bloiid wliich is 
ttirmed pyjornia, sctpticjemia, 
traumatic, fevc^r, pu<».r|Kjral 
fever, post-mortem wounds, 
(ikK Tht^ gfU’uis of Mhro- 
rooms HepthuKH art? intro- 
duced into this blood, and 
multiply ihcrc, through tin? tsx posed suiface of a wotind, 
or Homethru^s by means of the instrurmmt which caused 
it (Fig. 9S). 

Wlu»n th(i instrument causing the wountl is chargCKi 
with micr(d>es, it is not necessary that tho wound 



Fig. «»,— of ptior|>oriil 
full of mkrm'ooc^i In 
chiiitm ( A K0() Ulfttn.). 
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should be gaping : thoi’e is in this case a true inocula- 
tion. Such is the easti in a ]>ost-ia()rtr*in wnuad. 'I'hc 
experimontfl of Tudenat, of Lyons, show that whon 
decomposition has not hcfj^iin in the c<>rpso.s <^f h^-althy 
persons, who havti di(^d by viohuicc, tho. anfopsy pn*- 
sents no danger; hnt tljls is not the case wla-n death 
is due to an infeci-ious dise*asc, jjyaunia, crysipeins, vi(\ 
On the other liand, the jaincturo will have no oi'ij 
results if the bleeding is profuse, ru* if tlie niimd^es 
and their germs have heen nunoved by itunusliato 
suction. Some hours afl-tjr death, all corpses contain 
microhes, which hav(i ponetrat4'.d into Uh* blootl owif*g 
to the softening of the tissiu^s, an<l which cither ctuue 
from thb external air or from iloi digtvstivc canal. 

The cnoririous number of piis-corpUHcli*s which 
a]>pear in a vavy short time in tlu^ blood w'as tor a 
long while a problem for physicians. It is mnv kttown 
that th(^s(‘, corpuscles have, their source mit only in iho 
wound, but also In all j^arbs of the vanuilar sy.4cno 
and especially in the capillaries, according to HchitfH 
theory* The microbian theory may easily l>o mailo 
to agree with the lattiT, and Htf*rnberg was Urn first 
to suggest tlmt it appesars to bo the function of thr» 
colourless c<»rptiHclcs to take prwNcssion of the tmteria 
introduced into the blood, anil to <lchtroy them. We 
know, in fact, that the coItmricHs cor|>uwdc» do take 
pfiHsession of all foreign pariicles, such m mlct^KSOCoi and 
bacteria, introduced into the bloorl, ^id in some mmso 
encyst them in their protophuim. When those )mWm 
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multiply in the blood, they must necessarily have an 
irritating off’oet on the walls of the bhtod-caiiillaries 
and this appears in the swelling of the cells and their 
return to the spherical fonn; in a woril, they ai’e 
transformed into emhjyonie or migratory cells faccord- 
ing to Cohnhtsim’s theory). Tlusse do not dill’er, or 
only dilfer slightly, from the colourless corpuscles of 
the blood, and are ]>us-corpuseles. This new theory 
is in accordance with the facts daily presented to us 
in the treutiuent of surgical disitases. 


XVI. MtenoBES OF ROMKoTriioB DrsEASK.s, niwin/nms 
FEOM Wounds. 

Wuiimv awl Aipmll. — TIksho two comidaints are 
prodtJci'd by pricking the fing(!r with souio instru- 
ment charged with microhos. ( Ihains ot‘ bacteria or 
micrococci arc always foiuul in the collection of pus 
or setrouH discharge. 

awl Oarimwh . — ^Tho pus from a binl contains 
micrococci, which Pastoiir first ohHerv(!(I, and which ho 
has cultivated in an infusion of yeast and in ehicken- 
broth. 

It was found by Uoscnlwush in osteomyelitis, aiul 
was termed by him HUtithijUn'MiuiUM itijotjaniM aun'uu 
(Fig. 0»). 

Carbuncle only difforH from a boil in its larger 
sisc, and contains the satuo microbe. It is well known 
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fijn. l^"li H)Urnh*' 

lituf'u I' .-t jufth 
*{*>iioh<tVirt>Uff: li« HI 
h’j, 


that it is readily and spontaneously solf-inoculnted, 
and that boils and carbuncles rarely occur sinjjly 
in the same individual. Diabetic 
patients are very subject to this 
affection, yet the microbe does lu^t 
admit of culture in sugared water. 

Ffilegmon . — This Is the name given 
to the suppuration of the subcutaneous colluiar tissue, 
caused by contusions, wounds, and medical injections 
of inorjihia or any other sub- 
stance. Microbes arc always 
found associated in 8’s or in 
long sinuous chains (B’ig. 

100). In all these casus there 
has boon some communica- 
tion with the outer air, for 
wounds which are ntally suh- 
cutanoous — fractures, for ex- 
ample — ev(in wlusn accom- 
panied by abundant humnuT- 
hago, heal without suppuration, and mtcrolMis oro not 
present. 
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XVII. Mode of Action of Microitbr in Diekask. 
PtomaKnks. 

The question how microirfM act In tUaaaw haa Itwig 
been doubtful, but the progrew* of acioaoo tends to 
clear away olwourity. 



238 MICllOOES, FEItMENTS, AND MOULDS. 

The first idea was that inieroLes introduced into tlie 
Idood or tissue of an animal acted like parasites of 
a higher organism — intestinal wonns, fur instance — by 
deriving their nourishment from their medium, and 
developing at its cx[)eiLSO. It is evident that this 
must be tlie case, and that in anthrax, or splenic fever, 
for example, the hacilli wliich swarm in the blood 
abstract from the red corpuseh^s tins oxyg(tn tiny 
rtupiire, and thus produce asphyxia ami the ileath of 
the auinial. 

Vet it often hapjmns, even in antlirax, that death 
is so rapid, that the hacilli have not yi^t had time to 
4lev(dop in the blood in numbers stifUeituit to produce 
such fatal elfects. again, in chobu’a, the comma 
bacillUvS has not yet lasii found in the blood, and yet 
caH(jB of sinldeu death are not nmjommon in this 
tliseaHe. Home other explanation is therefore n^iuired. 

Pannm first showed, from the stutly of the pro- 
ducts of putrefaction, that a pc/monous substance, 
resembling snakc-venoin and vegefabbs alkalouls, is 
developed as the ultimate pro<ltmt of the putritl fer- 
mentidion of organic matUfc. Twelve milligrammesof 
tills Kul)Htance kill a dog, while m^itluT ammonia nor 
thi\ acids which are first formed in tlus fermentation (jim 
produce s(tpticu‘mia. Ilergemanu luul Hchmiedebiu‘g 
have tru’unsl this poisonous sulwtancu Hffifine* 

Panuirfs researclics have been rumnlly resumed by 
Bcimi and Gautier, who have extracted IVom corpses 
and putrefying organic matter a certain number of 
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poisonous suLstances greatly reNombling vegefcablo 
alkaloids, and termed by tlieiii 

The aetion of ptomaiiieH may be compavod to that 
of strychnine. Injected into the bloixl, evtai after 
the removal of every living microbe, tlie ptomaines 
produce fever, rigors, vomiting, diarrluea, spasms, 
torpor, collapse, and linally death. It is pndiuble that 
in some eases of jjoisoning by tuintefl meat 
their poisonous proi>erties are due to the presence ot 
ptomaines. 

But in all eases these ptomaines an*, sliown to bo 
the product of putrid fermentation, wldeh is nlwaya 
offectod in dead bodies by sptteial microl/es. Here the 
]jtomai’nes are duo to tfie work of the mierolM'S f^f 
jmtrefaction, and are made l*y them, just as ideohol 
and the carbonic acid of alcoholic fermentatifUi are 
made by y<‘aHt, at the cxpimse of the sugared li(|uid 
in which tiny live and multiply. 

Direct exp<*riuuuits show that when Hf*pUne, from 
which every microbe hm boon removed, U inJo«!t*si 
into the human subjijc.t, it produce, s feverish disturb- 
anco, but only oausea death when introdiiCful in con- 
siderablo quantUicH, If, on the other hand, thero ia 
in the sarmj individual a large Huppurating wotind^ 
oxpoBud to the air instead of litsing c«ivt?ml by an aii> 
tight dreBHing, a purulent infection (Hoptiemmia) will 
almoBt certainly ensue, since the introducml 

by means of this wouml will find in it a favourable 
ttoil (puB and putrefying organic matter); they will 
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multiply in immenwo numbcjrH, and manufacture of 
theae materials a groat cpiantity of septic poison, at tlui 
expense of the organism in wliich they ai’o <leve]oped. 

It is now admitted that the chief action of patho- 
genic microbes, or, at any rate, of the most dangerous 
among them, consists in the ptomain(^s wliicli they 
microte within the body. This explains why death by 
cholera is so rapid and even siuhlen, when the comma 
1 bacillus is still only found in tlie intestines* Although 
this micro-organism luis not been absorbed by the 
intestinal mucous membrane and carrusl into tlui 
blood, tlio pfjisonous alkaloid, or i)tomai’no, which it 
secret('.s is c(jrtiuiiily pnisonfc, and to this the norvrms 
symptoms, such as cramp, etc., which characturisso this 
dis<saso, may probably \m ascribed 

Pouchet luiH extnmted from the finces of (dioleraic 
patuuits, a spejcial alkaloid of the nature of ptomaine; 
and quite recently, in August, 1 885, he has found traces 
of the same alkaloid in infusions of pure culture of 
KochV comma bacillus,* 

In conclusion, at the present stagij of our know- 
ledge, it may be admittiul that the action of patho- 
genic microbes on the wyskun is complex, and may 
1*0 analyjscd as follows (1) The action of a living 

* Thltt ii/fowlfl the f3f«rm of tho idm of « now for pnti^irlng 

which huM fwrluipw ulrwly ptifc l» A Bpsakh 

p[*y»if*ltm MitttOH ilmt thn rtoei't't proctaw omploycKi hy Formn iiimply 
in iUtc'rliii? hiH ciilturo Infudon !*y mrnuH of tlm UliiimWlsml 
and ii*iing UdH UtuUd for Inonnlatlotti «lnoo it conttilai th# 
of oUolem without ItM bucilliu* (V)^ 
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parasite, which is noxzrishcrl and miiltifdies at the 
expense of the fluids and gases of the system ; (2) the 
formation by this parasite of a poisfuions Huf».stance 
(ptomaine), of which the elements anj derivf^d fn/rn the 
organism, and it acts as a i»oisun on this orgaiii^iu* 



242 MICEOBES, FEEMBIITS, AXD MOULDS, 


CIlArTEIl VI 

MEANS OF DKFMNCE AOAINST MirtlollES, 

f, Antisei'Tio Treatment of Wounds: OufitUN’s 
I’UOTl'UmVE DkESSINO; LisTKII’s JJUKSSt.NO. 

The first ntul most In'iHiiiiit uiiplicaiion of tho tln'ory 
of inicrolsiH to Imniari thonvpoutiiw has boon mado in 
U'lo tntatuiciit of woiinils, 

Rinco it is adinittcd that tho (hiii;(or of a woiind 
or of a mirf'ioal o{i(*ration is ehioHy <luo to tho, oonhuit 
of tho woutiil with thtt o,xt<>nial air, whitih is liwloii 
witli gorms, or with tlm ilntssiHg which may couta,iti 
luicroiiOH, all tho surgocm’s oli'orts slioiihl l)o iliroctod 
to provontitig such contact. 'I'liis may ho ocoorn- 
plishcd hy sovcral proctwaos, now generally cmployod 
hy Hiirgoons, and these maylx* regarded as tho uoblust 
achievement of tnodom surgery. 

In (Juftrin’s protootivo dressing, this skilful surgeon 
has iiiiulo a practical use of Tyndal’s and Tosteur's 
rcBuarchos into tho nature of air-gorma. Wo have 
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already said that air filtered thron;^fh a sufficiently thick 
layer of cotton wool hcconies free from i^^erniH. Guerin 
covers that part of the body in wliicli tlui w<iurid is 
situated with severiil layers of cotton wool, carefully 
ai)plied and confined hy a cotton banda-i^c. This 
dressing permits the access of air to a certain exbsit, 
but the air is filtered through the c<^tf(Ut wool, which 
arrests all mieroh(‘s ; and this Is prove, *(i hy removing 
the dn‘Hsing after tluj lapse of s<jvcral <lays, whfui the 
w^otind will he found to bo in a satisfiK^fruy state, and 
in process of healing. A ccu'tain amount of pus is 
produced, hut mucJi hsss than in Un^ ^dd-fashitaicrl 
lint dressing, and this pus is not jaif j-clioil, since tint 
g(jrms which* are the agiuits of puindimtiou hn\e 
been oxclmhuh 

The Kiiglish surgi*rm, rjister, has arrivtsl at, tlm 
same result ly a more, complicatod pnws’ss, whiirh 
has, howtwm*, Immui gcnt*rnlly adopted in Fram*>*. Ilis 
process is based on Mm tise <tf car)*olic arid ns mi 
antiseptic or dcstriictive agfsit of ini<u*(*hi*s and genus. 
Whenever an opi*rathai is t<i h»‘ |ruforinrd, the iu,dni« 
ments, the surgeoifs hands. Uiiise ol his n‘si'4,msr^, 
and all the materials used for (Ire.^^sing, must k* 
stcmpefl in a sulliclrntly dilute mdution of carkdm^ 
acid; throughout tlm operathm the wouml must k* 
Hurroumled with a spray of tins sanm sohitiom paying 
over tin? hands of the sirrgisin anrl over all Im fcoiudies. 
The, Haum solution and the wmne pmciUtfcions am 
applicable to the treatnuint of all wounds, whatever 
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he thoir origin, and shoulfl he renuwod whenever the 
wound is dressed. 

Wo cannot describe Lister's dressing in detail, but 
will only mention — (1) that the skin surrounding the 
region of the operation, the surgeon’s hands, and the 
instruments are washed with a carbolic solution of two 
t(» three per cent . ; (2) the spray contains one per cent, 
of carljolic aci<l ; (3) tlio ligature of the arteries is done 
with carbolized catgut, which is (‘,vtmtual]y dissolved 
in tile, wound; (4) the drainag<!-tubo usually arranged 
for the outflow of th(5 disedtarge is likewise carbolmul; 
(5) so also are the eight folils of gtauw*!, which k 
used instead of linen drimsings; ((5) a prot(tctive, con- 
sisting of green oiled silk, ste,ep(f.d in carbolic acid 
and varnishiMl like court-plaistcr, is int^irjiosed to 
previuit tbo irritating isftcct of tbe gauze on tbe 
wound; (7j an iin[HU‘meable mackintosb, lai<l botwtMui 
the seventh and tfighth folds of gauze, prevents the 
penetration of fluids. 

The admirable results obtained by Lister's method 
arc the strongest confirmation of the truth of the 
tlujory of microlxis. Bince its introduction into 
medical practice, mortality among the wounded and 
among thoHurgicid patients has consideralily diminishetl, 
and operations fonnorly censidtsred Impracf/ioable have 
been undertaken and succcsHfiilly carried out. 

Carbolic aedd is not the only antiseptie which 
affords excellent results by destroying, or at all ovonte 
by attenuating, tho virulence of inierobei and tlieir 
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gems. Alcohol, which has hecn long in nse, horacic 
acid, salicylic acid, thymol (fissoncu of th^'ine), and 
eucalyptol (tho csaonco oxtracttid from Bintiili/jifitH 
globulus), and many other suhstanciw, have li(*eit 
employed hoth internally and externally with this 
object, and jno.st of them take a more or lefis impor- 
tant place in the thorai>eutie.s of those di.seaft0.s caused 
by microbes. 


IL Htqiene op Drinkino-Water : Water frek 

FROM MICROUKS; CllAMliKUEANJ) FlI.TKR. 

Tho researches carried on by Miijnel f»»r some years 
at the Observatory of Montsouris, at the Pantheon, 
and in other parts of Paris, teach us tlmt living 
bacteria are more rare in the attnuH}jlu.>r(i timu had 
boon g<!nerally suppostsd. Wo have already said that 
air is tho gr(!at purilier of micndms, which it ilestroys 
by desiccation. Even in tho infection of wounds, it 
is prolwiblo that the liquiils and linen foniuu'ly 
employed for dressings transported the inierulats in 
greater number than tho air, however charged it 
might be with these organisms in the netghhourbo<kl 
of a hospital. 

In the water which supplioH lai^ga towns, Whether 
furnished from wells or stroairiR, a latga humW of 
rtiicrobcjs are, however, fotmd in a state of ptstfisstvitallty. 
This is quite natural, since wo know that those plants 
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cannot exist without moisture, and tliey find in mieh 
water the organic matter which nourishps them, Thi 3 
rivers receive them by the sewers which dlscliargti into 
them, the wcdls by infiltration of tlie soil, and thus 
in times of (‘pideinic, the microbes of fyj^hoid fever 
and of cholera arc always to be found in running or 
stagnant waters, which therefore hceonn^ thci V(dii(de 
of infeciiouH diseas(‘s. 

Well-wat(ir, owing to its stagnant naiun*, and t,o 
ilie infiltration to whir*h it is lia))lo frcuu cesspools 
whi(5h are oftiui Icjaky, is more dangerous than 
running water. Ahout two years ago, an (Epidemic 
of typhohl fever, which occurred in one tpuirter of 
Angers, was stoppisl Ijy intnalucitig a s\ipply of water 
frotu the Loin^; up to that time well-water had been 
exclusivity in use. 

W dl-nu hkr in Ihm4- maldmj , — f n m a tty places 
well-water is still too oftnn usttd fitr making bread 
iiisttiad of running water. There are proliably many 
reasonH fttr this prefensneo- Bakers, witlnnit assigtiing 
any reason for the fact, aswirt that well-water causes 
the bread to rise better; and inctr(‘f*vcr, in tr)wns, sueh 
fis Angers, where thi^re is a watt^r company, river- 
water Cftsts money, while well-water may he Inwl ftr 
notlting. About 60 petr cent, of water is ustsl in 
making bn*ad, which explains the prefenuieo shown 
by bakers for well-water, and also the importance) 
ancribed by bygienists to the purity of the water 
used in bread-making. 
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In fact, direct cxporinicnts, nude with a inaximwiii 
registering thennomoter enclosed in the, dough, .shows 
that the internal leuipurnture of the that of the 
crumb, rarely rises to 100®. Wo know that this tcin- 
peraturo does not suilico to <l(!strfjy jniwt niitirohe.s, 
still le.ss their germs, for whiciji a temiKti'iit iirc of from 
115° to 1(50° is noceH.sary. 

In 1884, Bouvet, a chemist, and T'lvaiihert, a jtro- 
fe.sRor at the Lyciio, wore commissionod by the iaiuii<M- 
pality of Angers to maki- a mienwcopici (ova mi tuition of 
numerous specimens of well-water useil l»y hiiker.s in 
their trade in diilcrent parts of the, town. 'I'lie e.xatni- 
nation of deposits, cither ohlaimtd sjMminneously by 
allowing the wjitor to stand fi>r twenty-four Itoiirs, or 
by testing tho water with osniic acid, in aecordaneo 
with Oerte.s’8 process, almost invaritihly revijalod the 
presence! not only of tho ova of a.s(!!iridcs, hut of 
numesrouH microhos — hiuihj of them liiirnih'H,s, like! 
lUusterimih temu*; otluirs doubtful, on account of tludr 
forming chains like tlui uiinreKiOtscus (twei species of 
difibrout form), and resembling Mh'mvmmm dtphUie- 
rlam. Now, crou[) may Ihi regurdtsl as endcinio at 
Angers. lu four wells out of tlio twenty-five ex- 
amined those microbes were found in great ntimbors. 
It must be noted that micrucom arc liot feund in 
strongly odratod water, but only in that ef whfeU 
the organic deposit is aliundartt. 

Well-water must, therefore, ias generally eondemimd, 
lioth for drinking pur|>oses and ibr the making of 
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bi'oad. Spring-water, and still m(»re river-water, as 
it is now supplied in towns by a system of pipes, 
is not free from organic matter, nor from microbes, 
although they aro less abundant than in well-water. 
Purification is therefore nceesHary. 

With this object, it is recommended, especially in 
times of cipidemic, to boil the water, so as to destroy 
the niicrobiis contained hi it. But this process ex^iels 
the gases, and reduces the proportion of salts in solu- 
tion, thus niiulering the water heavy and indigestible. 
It has, therefore, bisen .Huggested that only weak 
mineral watfu's should be drunk, such as that of 
Haint Galmicw, which, if taken at the source and 
immediately placed in heniuitically sealed bottles, 
contains very few micnibas, But tliis process is 
costly, HO that only rich piMtplu can avail themselves 
of it. The most practicable mode of purifying table- 
water and rendering it wholesome is by tlio use of 
filters. 

Onliwiry FiUerH. ChttinhcrUvruVn MU>fi>he Fllkv. 
— Every one is ac{iuninteil with the common filter, 
wade with crushed saiulstoim, charcoal, etc., which 
should bo found in all households and kitchena, This 
g<merally sulllcos to fm^ water from organic matter, 
and especially from tlm ova of ascjarides (intestinal 
wenus), which, when intmluwfd Into tlie system, 
develop and causn Inconvenienco to so many eliitdmif 
jutd even to grown porHona It is imiKissiblo to insist 
too strongly on the fact that tlio presence of asoarides 
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in. the intestines is always due to the use of unfllterccl 
water, and this should enforce the general uso of 
filters, which is often neglected even by tho-se who 
cannot be deterred by tho relatively inoderabs co^t 
of an instinment which it is almost ini{ii).ssible to 
wear out. An ordinary filter, htjwevcir, can ari’fht n 
very small proportion of mierolwjs, which are inueli 
more minute than the ova of jiscarides. 

A filter has, therefore, been doviwiil, so perfect a.s 
to allow the passage of no s«did matter in simpfin-sioii, 
not even tho most minuto organisms coiitaimsl in 
drinking-water. This result is etfootod by tho filter 
invented by Ohamborland in rastour’s ]als>rnt(>ry. 
Tho filter is formed (Fig. 101) of a V(,wHel of bisouit- 
waro. A, shajiod like a candle (whence its name of 
bougie Chmibarlawl)’, this is fastened to the lower 
part of the inotallic ris<!oiver D, which receives umler 
pressure tho water coining fi-om the cock 14, This 
vessel consctpiently filters tho water from without tt> 
within, and it flows through tho orifico U, perfectly 
free from solid particles, as it appears from a ittWo* 
graphic examination. 

Fitted to tho distributing watfsr-taps of many 
houses in Paris, and especially in lyeiW, the Ohim> 
Iterland filter acts under tho normal pntssttro of tllio 
water-conduit, and, by a now miKltficatloii ttu> 
inventor, can oven act witliout such .prtissifire. For 
this purjioHo ho aiTunges his filtors im,* battoiy, fWwn 
eight to tun or muro, in a cylitidrM mciver^ closed 
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in ita uppor part. Thi.9 recuivur i.s connected hy a 
caoutchouc tuhe with the ve.ssel which coiitaiuH wati r 



Fig. lOi,— Hi'ctiatt and «*lftvaUttr* of (7hm>K*rla«<r« flUwr. 


for flit wring. When the vohhcjI ih p hired two or tliroo 
Bickoa above the filter, from fitiUsen to twenty litmt 
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of perfectly pure water may be detained in the course 
of an hour. Under the pressure of the taps of the 
Paris wator-sui)ply, the jet of the* iiltertfd wat<ir is 
as strong as that of the japes used ibr watering our 
gardens; in fact, it gives out four or five lifriis a 
minutB undtir the pressure t)f two or thre.c atmosplnu'es. 

of Alvuitnittrfj HiUmfatnwH, A jipetfs 
ProtcHive Procem, etc. — We have already said that 
organic suhstarices may bo preserved umrlmnged for 
an indefinite time, as long as they are fnuu 

the microbes and germs in tlio air. This was shown 
by Pasteur's exhaustive expurimunts. Uo if >ok urine 
and blood, and transferriHl tluuu directly from t!m 
animal organs into glass flasks whi<^h had been pro-* 
viously sterili/*(‘.d or deprivisl of all gonuH. Thone 
flasks were hermeti<;ally cdtisiul and k(tpt for fortydive 
days. When op(med at the end of tliut time, it was 
aHC(5rtained that the hhujII and appearance of tlte 
licjuids wore uiu*haug(Ml, that no putrid gas had ls*eu 
developed, aiul ev<m that some of the oxygen in the 
Ihisks htul not hoen absorbed. 

Most of the pr<^ceMH<5M in use, iwen In^fore thk 
experiment, for the preservation of fissl 
are only the practical application of ihk principle; 
the exclusion of Tuicrobes and germs. 

Appert's procc^sH, now ho gmmraHy used to preserve 
meat and vt^geUibles, consiste in enclosing ^e mh^ 
BtancoH to l>e pres<nw(«l in tian^ which arc hermetically 
closed^ and heated to a temperature of ao aa 
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to ensure tlie (lestruction of all germs. A very small 
ai)crturo is left at the top of tlio case for the escapo 
of steam and air, which is closcid with a drop of Holder 
before the ebullition of the liyuid within is completely 
over. 

The envelopment of meat in its own fat, its pre- 
servation in sugar, wax, etc., are analogoiTS |»rotectivo 
proeosses, always <unploy(!d at a high temperaturo. 

When meat is smoked, tlie aromatic principles of 
carlwlie acid, creosote, etc., contain(‘d in tins Hm<»k(f, 
destroy tho ferments and prevtmt the suUseituniit 
dev(!lopm<!nt of air-germs. It is, therefore, a true anti- 
septic, analogous to the salts used to preserve moat 
fir fish by pickling. Meat may also l.w prosorvtsl by 
dfisincation, wluui it is cut in thin strips and cxiamod 
to tho sun and air. This constitutes the jerked hoof 
of Hcmth Anufrica. 

Kxcellont results are nf>w obtained by drying meat 
at from .'IS® to SC" in a sbive through which a current 
fif dry air is passed. Tho powdered moats to he oh- 
feiined from chemists, which are of groat us<j in nourish- 
ing the sick and convalescent, are pn<paied by uu 
improvement on this pmeess. They aro alisolutely 
free from smell, and will keep as long as tlwy aro 
protected from damp. Yi^etahles cooked hy steam, 
and thou compressiMi and dried, way bo kept fur 
several years, 

Eofrigoration by ico has boon used to presem 
moat. But wheix congelation has occurred in the 
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fluifls contained in the muscular tissue, putrefaction 
sets in, and rapidly increases, as sr>on as tlie tempera-^ 
turo rises a few de^^roes abovii freezino-p(unL The 
meat also accpiires an nnpleaHanfl 3 '' sweet taste. It 
will be remembered that tlie first car;^^i» of fro/.eii 
American moat which was bron^jht to Paris luid con- 
tracted an unpleasant taste and was vory soon 
tainted. When meat, or fish is kept in ice, the. 

congelation of the fluids contained in their tissues 
must therefore bo avoided. 

Many antiseptics, vinegar, alcobol, glycerine, etc., 
may likewise bo used to prcHurvo luitat aiul othf?r 
alimentary substances. 

Antimptm and I)Ulnf(\cMnfK — ^We will disen^H 
the substances whicli arc tlius di^signated, isspeeiaUy 
from the hygienic point of view, and as a preventivo 
tn^atinent of contaghms diseases, indicating tlic tuition 
of those substances on microbes. 

AntiHojiticH have bcimstudunl by Jalande baCrru^c 
with refcr(mce to their acUoti on inicrobifs in general* 
His experhnont-H were perfonne.d on culture li<|Mids 
made of the juice of cooked moat, int«> which ho 
introduced an or[ual number of drops of the 
broth, which containe<l fully ciev<?h#pud l^actorb^ He 
next ascertained the dose, In milligUMniium* of an 
antoptic substimco which would suMlc0 either to 
arrest their multi pH cation or to di*.stn>y th# miorohau^ 
and consecpmutly to steriliw the luihiil 
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He aiialy.s<Ml in tliin way twenty nnlistancos con- 
Riilfsred to l>e antiH(‘ptio, or commonly listed an rucIi. 
He has puhli.slmd a table in wliieli tliesi^ suLstanci^R 
are elaHwilied in th<iir onlcr of activity, and it inedudf^H 
aiuony otla^rH tlie followiii^r antiseptics, wliicli we cite 
in the order assigned to them: — 


Oerrosivf) HuMiiiiuti* fnH*reiiri(whleriiI<») 

('iilorule rtf’ linn* nl ils'‘ 

Sul|tliurnnh nnnl 
IChhimum* nf nnihlnid 



Huheyln* ru'iil 

rariH»linar‘i<l 

Itorni'in ncitl ... 

Alnohol ,.4 

o('eur*!il>l*tilh ... ,,, 


Ko. 1 
No :t 
Nrt 4 
No. 0 
No. I a 
Nrt. It 
Nft. Ml 
No. IK 
Xrn M> 
No. 20 


The thret‘ lust. substaneoH are im^apnhb' of nteri- 
culture brrpl.lis. 

This shows tliat carholie acid, wldcli is now 
8(» iniieh in nsr^doeH notd(*stroy mierolirjs so etriclently 
iiH Hulicylic aciil, pcnnan!;(anate of pritasstimt, tltyuud, 
h(‘rii«oic acid, hromideH, and ioilinc. In this c.stimute, 
howrwer, we must take into aciumiit htav far the use 
of each antiseptic is practicable. 

Thus, coimsivc Hubihrude, whhdt these experimcntfS 
sliow to bf% tJui liest atdiscjdic, <*an l*e uscrl as an 
cxt4*rnal lotion, hut it cannot be fj^iven luk*rually in 
<loMCM sullielcnt tf> profJueo the dcHsircd (dfcc.k Hi<;{hiy 
luillij^rammcH are n^riuircil to stcu'ilis^e a litre (»f hroth, 
mid forty to arre.st tim deveh»pment of haetoHa. 
Twoiity milligrnmmcH will not oHeot this result^ md 
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this latter doKc is a maximum wliich it is almost 
impossible to oxcoed iu man in the course of tweuty- 
four hours without poisoniny him. 

Sulphurous acid is very effectual wlum employed 
in fumiyatiims, but it dijes not penetrate to the interior 
of tho tissues, and only acts on the microbes on their 
surface. It docss not destroy their spores. 

Iodine has {freat effect in thi.s respect. Davaino 
has ascertained that seven millifp'ammcs of iodine 
Huffieo to destroy tho bacteria of anthrax in a litre 
of liquid. Jnstoad of a ht)t iron, tincture of iodine 
mi{fht, thertiforo, bo ustsl to wiuterizo tho hitea of 
poisonous flies, cjirtiuncliss, ami tho pustule of anthrax. 

Koch states that a solution «if five jht cent, of 
carljollc acid is retjuirod to destroy the spores of 
anthrax iu twenty-four htiurs ; but the bacilli them- 
selves are <le,stroyed l)y a solution of one per conti 
A solution of 002 jicr cent, iodine, or O ff" per cent, 
of hrotaine prevents the dctviilopment of biudlli. 

Chloride of mm and sulphate of iron, which have 
been recjinnnernled as disinfiicUints, are very inferior 
to chloride of limn, which takes tho third place in the 
list, tho second iKsing occupied by chhfriim. 

Alcohol arrests tho dovoloftmimt (»f brnderia and 
their spores, but dotss not de.str«)y tlie latter, oven 
at tho end of a month, as it is stated by Claudo 
Ik^rnard. 

iJaln'is nsf^arils (msonco of mustanl m an oxcwllont 
prosorvutivu from cholera. If a drop of this Gwnunce 
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is put at the bottom of a bell-glass wludi covers a 
culture of comma bacilli, it arrests their development 
and destroys them within forty-eight hours. 

When cholera is epidemic, it has boon suggested 
that rum or cognac should bo taken, to which salicylic! 
acid is added, in the jiroportion of 23 giaminca to the 
litre. A petit verre, or three teaspoonsful, of this mixture 
may ho taken between meals in coffee, tea, or grog. 

Redard ha.s been recently occupied with the dis- 
infection of tins railway-waggons used for the trans- 
Itort of cattle, lie regard.H most of the substances 
employed, including suljdniroiis acid, as insufiiciont 
'■J’ho only cffoetiial proci'ss is by steam, at a tompora- 
turo of llO”, which may l«j <«iHily procured at the 
railway stationa 

As wo have already said, the o-vygrtn cmif ained in 
air is an oxofsllcnt antiseptic, and the attempt has 
iMjon math) to employ it; hut the experiments of Ik'.rt 
and R<!gtiar<l show that iMicteria are f)nly dostrt)ycil 
by o.xygcn at a Iiigh pn'ssiiro. As for oxygeuatoil 
water, it has not yet afforded the rosult-H which wore 
t)Xpeet(«l from it. 

Finally, each species of mirndto njnssars to 1st 
more or less sensitive t<t tlie action of different 
thcmpoutic agents. Thus the effect of menniriai salts 
on the mieroho of syphilis wmi known before the 
existence of the microlxt itself was known; that of 
tho salts of quinine and arsenic on the micrulxMi of 
intermittent fever, eta 
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Wb must, in conclusion, rely mncli more upon 
measures of hygiene than on antiseptics to ward off 
the attacks of tlio micr<>he.s which are factors of 
disease. Even in Lister’s dre.ssing, it is probable 
that the hermetic closing of the wourwl has, as it is 
shown by (Suiirln’s proces.s, much more effect than 
carbolic acid, which is shown by direct ft.xporinients 
to bo a feeble and gtmorally an itusuflicient antiseptic. 

We have still to speak of the preventivo vaccina- 
tions and inoculations on which medicine relies more 
than on antis(!ptics ; but this subject will bo bettor 
diHeus.s(!d in tho following chapter, when wo have 
spoken of tho processes of culture by which tho 
lifluida dostinwl for those inoculations an.'s prepared. 
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CriAPTRR VTI 

T^ABDnATOnY TIKSEAIUJU, AND (JtrU’rilK r>F AIIOIUaSKS. 

Thk pr<)(!C8scH otiiplf^yod in for tlu* Ht.udy 

ami culturo of mifirohoH jiro now v«iry 

(‘(HnpliHiDttl, ami Uusy hn.v<^ atiaiiK'd a roiuarkal/lo 
of perfi*(^t.i(»m Iti «uch ati uIo'iiKmtnry work tif* 
tliiH wo <%n only ^j;ivo a ,%^i‘n<‘ral idea of thoHo diffonnifc 
and f<n* <h*lails wo mm.f roiVr our n‘JulorH U> 
iho valuable work by (jornil ami Ikilir.s, Leu JheUnm, 
in wliioh the terktiif/Kn of laiH*m(ori*‘.s <lovot,(t(l io th<^ 
hiHtoio /^7 of inicrubupS ia dowmibud with groat accuracy 
and cIuarncNM* 

Miet(iH^vp (% — The boat ijmtrurn<‘ntK for ilio roHoarch 
and Htmly of mierolxm arc fhtwe of Zoinw, Jena, and 
Vdrick, Paria Immtjrxion cuibrn* for mo in 

water or in other luam^gcnroiis lirjuids, arc. indiwpom 
Hablo for the high magnifying power which iMncccHxary 
in order to non mont laicbuda tU -itimdrly. OVmdenMiu'M^ 
OMpeeially tlmse of Abhi5» mmlo by Zeih«, are no Iohh 
meful in order to cotiorntrato the lumuioUM ray» on 
tliat point of the prfiparatiou wlueh in to be Hpeeially 
e^^miuod^ and to place the bacteria m relief after 
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they have hocn stained by th(3 process we are about to 
mention. 

A preparation ou^bt first to be exnininod undtir a 
low inaynifying povver (from 50 to JOO <Uairjott‘rH), ho 
HH to study the topojL^nipliy of the obj(jct, and UHCi*jdain 
the points at which the cjjhaiics of inhjrobcs may be. 
sonpjht amid the iissuf^s of a section, or of the matters 
in BUSjKjnHion in the Ihiuid, 

Wo filmuld then (*n to a higher rnngnifying 
power (for example, to fn>m oOO to 790 (liamaUtrH), 
making umo of tlm Hirnplo light of the mirror; and wo 
shonld uliimahdy coirm to the highest magnifying 
powers (from 1000 to 1500 <liametcrHj, using immer- 
siori-lensfis and tlu^! Cfmdimsor. 

hmh^wmrnlH, MUu*ofovw . — 'riie instnmmntH for firm 
dissr^ctlori are those commonly used in hi;itology. In 
addition, needli^s of glmss and platinum are lu^eessary, 
and thin spatulas ofniekel to convey the seeiiutis, etc. 

The orrlinaiy raxor, wliieli s**rves for hand soetlorm, 
will Jiot do for the thin, wide seclions ms'i^ssary for 
the (liHcovery of baettnm In thin cast^ a inieroUmm 
namt be nscsl, an instrument for making thin soctitms, 
for which purpose tlame of Thoma or Veriek am iho 
best. Homei/unes the c»bj<*ct to be exanuned is 
hardenerl by freezing it witli etlM>r spray, simx) this 
makes it possible to cut thhi seciions by hami Tliis 
is JungV proccHH. 

Nim - HUiming J/Ufuid « Acids, bases, 

aJeohol, oU of aniline^ and otbor eeeoims sem Ut 
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dohyiliuto and partially decolourize preparations 
(janaila balsam is used to mount them; and finally 
distilled water, absolutely free from microbes, wliicb 
may be easily obtained by mi'ans of the ( ihainberlanil 
filter already described, is used for wa.shin;j[ instru- 
ments, etc. 

Mudv. of vollpdbvj the. LiijuhU to ha cjraviimd. — In 
™ order to colhsit tlu^ liciuids to be obtaine<i 

; in the wards of a iiosjiitiil or elsewlu're 



Fig, 1(13. MmnU 
with 

wflfr**rt with cMt* 
IfkVl W<Nll ^1 
kIhUM. 


(blood, urini', .s[)uinni, nta^^nant or Mowi‘r 
wntor, etc*..), pipotte.s, wliieh may be (*ither 
Hfcraif^lit or with twlsioil noekn, are uhcmI, 
eniliuf? in a cnpillary point cdo-sed hy 
heat, and in itn tipper part hy a nfcopper 
of fines Bterilized cotton wool The 
[lipetto Ih heated at a litowpipe flaute, 
in order to dewtroy tln^ ^erniB. When it 
in to be UHed, the poitit in broken off, 
and it iH plunged into the liquid (din- 
eiiargci from a fn^nldy upern^d abnecMH, 
liliHter of ery.sip(»laH, etc*.), and an aHpira* 
tion 18 madtt through the other end. Tim 
iicpiid iH uuahlf*. to lise above the level 
of the twinted neck; ami thtH m important, 
eepocially when the liHpirabion in made 
by the mouth. The point in then repealed 
at tht^ lamp* The, hlmpe, of thti^e pipott^^H 
may bo varied aeconUng to the require* 


mentw, no long an the 8ame preeautiona are always 


taken to avoid miHtivkoK* 
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Preparations . — Such precautions, and especially 
the most scrupulous cleunliness, are necessary in 
making preparations, since air, water, dust, the human 
hand, and instruments may all introduce foreign 
microbes. The instrumenfa? should bo washed in abso- 
lute alcohol, and it is still more clicctual to heat them 
to a temperature of from 1,10° to 200®. 

As to the liquids (pus, mucus, etc.), the upptir stir- 
face should not be taken, but that which is nearest to 
the tissues, and it should bo ejircad on a thin slide 
by a platinum wire, which has been heated red hot 
and then alloweil to cool. 

When the tissues are to bo oxaminerl, part of them 
is detached by a knife which has been heated red hot. 
It is placed in Jung’s froozing inicrotumo, in order to 
cut sections, after it has heon liardoncd in alcohol, to 
which bichromate of potassium is somotimeK urlded. 
The sections aro made as largo as |K>Hsible, ami an* 
then instantly transferred to a capsule full of alcohol, 
in which they spontaneously unfold. Tho glass or 
platinum noodle, and tho nickel or platimim spatula, 
serve to spread out and smootli those soctions. 

Skiiniwj Mditods. — ^Aniline dyes havo tho pm{i«rty 
of giving a more vivid colour to the baotoHa tium to 
the surrounding tissues, ollen evon without desirPyiKig 
them or altering their movemontii. This property Iw« 
kvon turned to oocomi b, and the etaieiug cMf preparations 
is now largely practised. 

Methyl-violet, or fuchsin, b aqneoni Mlution, marvw 
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t() Hfcain the living bacteria in a droj) of water, under 
a cover-glass. A small droi> of the staining liquid is 
slowly difrusod into tlio |>r<q)aration, and gradually 
tingcH the bacteria without giving any sinisihle colour 
to the ]i<{uid which contains thcuio Wlnai the coninia 
bacillus of cholera is thus treaieil, it is still capaldo of 
nuition after the bqhso of twenty-four Inairs, and it wdll 
eoiitinut^ to develop if the stage* of the inicnmcopo is 
lujaf^ed to 25^ 

In s(‘<itifuis which have Iwmui hardened or dried in 
alcohol the bactei'ia havts ceased to live, but they nmy 
be stained with the folbwing n^agents— (jrenacher^s 
(lomssic cannino, hematoxylin, and ilnetum ul* iodine 
may n*Hjmctiviily employed, aeconliug to tliti spt^cies 
ol‘ microbe whicli is to be stained: Mierococcus, tins 
flagelbuu of bacteria, BatMan amjjloiHfchiv, moulds, 
et{^ 

Aniline dyes, with an alkaliTsi or aeid basis, are 
very numcroUH and varh‘il; methyl -violot and gemtian 
ifi oil of aniline, or in atpieouH stduthm, rosine, saflronlno, 
Bismarck brown, ptirpurim*, eta 

It is often desired to efleii a <l<mble staining of the 
section, tln^ tissues, ff)r ox 4 wnple, being stjiined red, and 
t!m bacteria violet, or conversely* Picromriiunatc of 
anunoriitim gives this otfect by the following pnxjcHs:— 
Aftm* staining the preparation with methyl-violet, it 
is dipptsl for a moment in the hslide sointlou. and 
washed in water or weak almihol ; it is tln^ri steeped 
for Homo minuk^s in the picmcarininatfi, of wlilch the 
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colour is made lighter by washing with ahsohito 
alcohol and oil of cloves, an<l tho ]ii-(‘iiaration is after- 
wards mounted in balsam. Tho nuclei of the cfslls arc 
then of a carmine red, and the bacteiia are violet; the 
rest of the preparation is of a inncli jmler colour. 

JiJhrUeh’8 MHhxL — Wo incmtionetl this method 
when Hiieaking of tho bacillus of tubfirculosis. Tt 
consists in treating tho sections or inoimtiul prepara- 
tion with a solution of methyl-violet in aniline oil, and 
the colour is afterwards quickly discharged in nitric 
acid ; tho bacteria alone remain violijt. Fuchsin, 
mothylono blue, coccinino, ve,suvino, etc., are also em- 
ployed in various ]>roe(ssses for staining iKuderiju 

Mernwrement, Di'mmmjH, and Bac- 

teria are iruiasurod by comparing tbem with the 
divisions (»f the niiero-millinn'frc slide pUmwl on the 
stage of the miorosc.ope over tho prcjuiration. The 
microhcH may he dmwn witlumt much dlHiciilty by 
iiKjans of the camera liicida— at least, after a little 
practice, as their forms are not at alt complex, But 
tho results afforded by phot<»gra|>hy are, as it is plain, 
very superior. Tho photographic! plate is indcud more 
sensitive than tho eye, and oftfcui allows us to see 
dotails which had escaped tho latUtr. Koch has given 
gotnl illustrations of pathngc.nic Itactoria in his book 
entithsd, Seitfdffe zur liidogia der Pjimtmn, voL it. 
(1877). 

Methods of Mwrohe Oidtum — Tito development of 
microbes may bo observetd by placing tlio drop of 
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liquid to be examined in Ranvier’H moist chamboi', 
ef(nHi.sting of a glass bolder, with a circular groove and 
a flat space in the centre. On the toj> is a cov(!r-glaH8, 



which IS borrlcrod with parafHn or vashiine, in' order to 
»oe 1 it. The groove coutains air and a little liquid. 
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The fitaye of the miciH>scoi»o is niaintaiiied at the 
requisite temperature. 

In order to make culture.s in large quantitie.s, otlier 
kinds of apparatus art; in use. The lifjuid supposed to 
contain microbes is introduced into sterilized nutritive 
liquids by means of a platinum wire, which has been 
heated red hot and then allowed to cool; its end is 



dipped into the liqttid, and tlufU instantly transferred 
to the (ndture, while it is exposed to the heat of a 
spirit-larnp. The flask is then muded witii a wad of 
cottrm w<K)l. 

Thu culture Urptids employed bj/’ Faateur are itm 
extract of beer-yeast, an infusion of Imy, boiW and 
ncutralizwl urine, and tlm broth, of vaiious kinds of 
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moat. The flaskH are all morliHcationH of the form 
indieatiMl iti Fig. 7G, Thene fla.sk« are heat<e<l in an 
iron gas stove (Fig. 104), of which the (louhh^ c*as(j is 
heated hy gashurners, and it c(ndainH a baskt^fc (>f inm 
wire as the roc<‘ptacli‘ of tin* flasks, tubes, which 
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an* to i)(> HtorUtii!fil. TIjo toioin'ratiir.*, ri'ffiilftfjKl l»y a 
Uicnnoiaotor, itiu«t riws to from loO ’ to \ 

Tho uiitritivi) liquid ih lioilod In ft pomdain nrii- 
ciltlo in tho ojurn air, and is introilmssl Ity )»ronkui);; 
off tin* tftiMirod orid of tlm iliwk; it iw tlmn inHiantly 
Itiuiigt'd into tho l>ri>th, and ilruwn hy m aHjiimtiott 
tlinmjjh tlio ojijioMitM tulu*, aftor whioh tl>o fcajKjrt’rd 
rmd ift rcHoalud at tho Ituii]). 
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The tubas, whicli have two I’eservoirs and two 
tapered ends (Figs. 105, JOG), are very numerous in. 
PasteuFs laboratory. Tliey arc raugfjd ou a stand in 
tlie way si town in the iigure. 

It is aseertaiiKrtl tluii the contents of the tubes are 
really steriliz(‘d by li.‘aving tliom for several <lays iu 
a stove wbicib is maiutainf.d at a temperature of ^5" 
In addition to the culLnni li<[uids already indi- 
cate<l, many (dhers consist of various Holutions of 
phosphatt^s of lime and poias^iuin, albuminous solu- 
tions, etc. 

JS^ufriliva Sulmlaufuiff. — In order to isolate tho 
different spiunes of bact<n*ia, and to obtain pure cul- 
tures, solid sul)Htane(‘,H are now preferred: eggs, slices 
of potatotw and (iaiTuts, but esp<MdalIy gelatine and 
gfdose — which conuts from Japan nsuly for use, and is 
sai<l to i>e extru(*t.iMi from a marimj alga — and the gala- 
tiniziul serum of the blood of oxiui. All those sul)- 
stancM^H tiVih tran.sparent, so that tho cidtun^s (am he 
(‘asily obstU’Vi'd in glass tuh(*,s. Koch, in his Ih^rlin 
labomtory, makes almost exclusive use of solid media, 
which are first sUsrilized by similar pnauiutioua 

In order to obtain purr^ cultures, all kinds of germs 
are lirsfc allowed to growj then a very small amount 
tluuu is taken from the culture medium, and 
tmuHfitrrml to the Hterilixud medium, in which fewer 
microbes natumliy appear. After soveml reiwtitbnii 
of this transplantation, suflbicmtly pure cultures may 
generally be obtained within a short tlma 



268 MICnOBKS, pebments, and moulds. 


Koch employs a more certain method. He mnki‘.s 
his sowings on glass plates, covered with sterilized 
gelatine and kept at a temporatiiro of SO®, by means of 
a slender platinum wire which has hccii made red hot, 
then allowed to cool, and chargf'd with a very minute 
|iarticle of matter, which is lull of bacteria. The 
colonies of different microbes isolate themselves, and 
may be jdaiuly setsn on the glass plate with the aid of 
a magnifier. Their variabhf size and charaeb'rs often 
enable experie.ncrMl oli,ser\'(>rs to distinguish them by 
their aspeet alone (Fig, 87, 1, 2), 'I'lie test-tuls'S, 
eonteinliig sterilizisl gelatine, are fhen inoculated 
witl) the microbe which it is <lesired to study (Figs. 
82, 10.*)), after Uking f.h« usual precamtions. 

The filters used to sterilize Ihpiids are of Sevres 
biscuit-ware heated to liO®, or unglaztsl pottery, 
kSnch is the Oliainherland filter already dewmihi-d. 

Cidfures for Kxjmnmnitti mi, AniiiiitlH.-~T\w pro- 
<««ses wo have just intlicabid are also nener -ary in 
these exporimenta Ileni likewise all the causes of 
error which would arise from the want of cleenllness, or 
frotti the impurity of tho culture Ihnuils, nuiHt he I'aisa 
ftilly avoided; and it must also bo asci'rUiimid that 
tho offset produwsd «m the animal is not duo to iwiy 
other nii<‘rolMj than that of tho ox{Hirimont, nor to 
any irritating and Moptlo substance. The «txi»criment 
shfixilil bo repeated several times by taking some of 
tho blood of tho inoculated animal, and making a pure 
culture, which may bo usod to reprodueo thu diNoawt 
ill other animate. 
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Attenualion of P<tfhojfnic Miarohes . — Successive 
cultures have estsiblislied, Jis wo have soon, the pos- 
sibility of attenuatin'' virus, and transforming it into 
vaccine. The proctjsses employed to attain this object 
are comple.K and varied, according to tho species of 
bacterium with which wo have to do. 

Thus, for fi»wl-cholora, Pasteur found that cultures 
dating from lii'toen days, or from one, two, eight, and 
ton months, jirogressively lc»Ht their virulence, and ho 
bulieves this attenuation to )>e due to the action of the 
oxygon of the air. So, again, Koch supposes that the 
action of tlio air and tho ilesiccatitm of tho gemw 
produces, after a time, tho natural extinction of tlie 
(lisoaso, 

Tousaiant and Ohnuvean attenuate tho vims of 
anthrax, as wo hove K(sen, by subjecting it to a tom- 
poraturo of from 'lii" to 43'’. Pasteur and Tliuillior have 
attijmiated tho virus of swine fever by passing it 
through tho system of a rabbit. Pasteur has also 
atUtnuatfld tho virus of rabies, of whieli tho microlte 
is still unknown, by pos-sing it atujcosHivoly through 
the systems of a rabbit, monkey, etc. 

B'inaliy, the same result may bo obtained by add- 
ing various antiseptic sulMtancns to oulture Ihjiuhts, 
and thus weakening tho virulent aotipo of tho 
microho. 

Vaednation and attenuated 

virus or vaooine thus obtained may be used for inocu- 
lation in quantities which oxpodcnca indicates to 
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be necpRsary and sofficicnt, cpiantiticK wliiicli x’nry 
according to circumKtanccH. In ordcir In vaccinate 
a fllicep a,fjainst anthrax, the niiiiiial must In- hold by 
its foro foot in a Hitting poNition, ho aw to jirowont itn 
belly to the operator; the tubo of a J’ravaz; syringe, 
conUiining tho injoctiuii, is tlien iiis(;rtod in <h<t base, 
of tlio groin, wliich is devoid of -wool. In eattlo tho 
opfsralion is jmrfortned at tho root of tlm tail. It is 
porr<»nned twice — lirst with a weak vaocino, and, after 
the lapse of a week, with one, which is stronger. 

Kvery one is acrpiainted with tin* proeoss of vacci- 
nating the hnmau snhjtiofc against small po.x, which 
may ho done either with lymph from an infant or 
ir»im a calf. A lanee.t or gnawed needle is employed, 
on which the, re is a droji of lymph, ami five or «ix 
pnnotitires are made on the arms or thi/'lis. 

W(i must not imagine that viieeinatiim can Imcsaiie 
an ahsohitf! preservative Inmi all diseases. For in- 
.siatimt, in erysipelas, pneiimojiia, and gotmrrluea 
a lirst atlaek is «<» far from wardim; off a second 
attack of tho samo di.sease, Ihat it creatiM a, fiivonrahhv 
Held for relapses, it may, cnnw^rjneiilly, Is* fls,4nmed 
n priori, that vatscinatioii in sucli ( 3 v.es w(add do more 
harm thiw» go<sl ((lomil). It i.s the wium with inbtr- 
mittent fe.v<ir, tiilM.rc.tilnsH syphilis, etc.; all disrsises 
by whi<di tho samo individual may ho nttackefl scvifral 
tinwis. and at varying intorvals of time- a, eh^ar proof 
that tho first atla(!k has croutod no inumuiity agolMst 
»u1iMC(|uont attacks. 
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Imnmnihj , — This term is applied to tho property 
whieli the organism may acfiiiiro of being safe from 
attacks of certain diseasiis due to nucrob<*.s, either in 
conserpienco of a former attack, or from a condition 
which doubth^HS arises from absorbing the pathogenic 
poison in minute doses, often repeated. Acclimatization 
frequently constitutes immunity. Thus, in couniri(\s 
whf*re malaria, yellow hwer, etc., prevaii, tho inliahi- 
tants are lr‘.Hs apt to cmi tract tho disease than 
strangers. Kuch immunity is not absolute, and may 
be lost in cijurse of time. This has been ascfjrtaineil 
in tho cjiHo of small-pox, so tluit it is prtuknt to bo 
revaecinaled every tun or twelve ycsxu. 
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CnAPTKIl VTIT. 

POIA'MORI'HISM OK MIOROUKS. 

IIIOJIORES (}iaoi('ria, ferments, an*! moulds) display, 
liko all tliii lower types of the imimal and vogotahlo 
kingdoms, conHiilcruhln polyitun-phistn. It is noeofwary, 
therefore, that wo sluiuld Ist on our guard, leat this 
phenomeium slunild Iss the sonree of errors and eon* 
fusions vt'ry prejudiidal to science, (other by drjscribiiig 
as distliKst speci(W dillerent f(»rnm of tho sanje speoios, 
or hy being, r»n tho other hand, led to I'egard aa ono 
and the samo Hp(«!ieM scvi'ral which aro n^ally distiiUit, 
and which for want of proper preenutions, have Iston 
brought together in tlus name pn*iiarati«>n, without tho 
ohstsrvor being awaro of tin* facst. 

W(» have indicated in tho for(jgoing chapter the 
scrupulous caro which is indiH{»enHablo in labomtoriw 
in order to guard against surprises of this kind. 
These precautions aro mtt always aulRchfnc» and «*- 
}H>rioitce shows that a single act of furgetfulncm or 
distraction on the part of the oljsorver is enough to 
sjwil the result of a long series of researches. More- 
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over, thuHo proeantions ctftm afFr^rd only a negative, 
reKult, winco .some bacteria wliieli have been reproduced 
Ibr a long while in tb<,^ Kaim^ form in a given medium 
of culture,, Hiiddeidy change their form and habits on 
b<*iiig tninsferred to another nn^liinn. 

In ordfT to give an idea of the difficultien which 
b(‘set this braneli of rt*searc*h, it will be eiumgh to 
cite ibcj bislr#ry of lieluuiH, a history well known to all 
eryptogannms botanists, TIkj siriicture of these lower 
]jlaid>i is at (»nee simple and complex, since we may 
regard tliem ns formtMl l>y tlie association, or npuhioMtH, 
as it is te-elinically called, in (^aeb lichen of a spr^edes 
of grofui alga with a species of colourless fungus of tlie 
Ascomycijbis group. 

l)i^ Ihiry ami the bidanistrs of his sclusd, Hchwen- 
fierier, Hornet, Ileffss, Htahl, eta, statf* that in what 
is ealleti a rndnui tlu^ tissm^s of an alga and those of 
a fungus are intermingled in such a way as to fonu 
the structure which CiUistitiiUiw the ludnm. t>vving 
to this close assot^iatUm, a Ikdien can live like other 
plants, lud as a parasite, lik<^ fungi : tluf green park 
f»f the alga aHsimilate tins carbon contained m iho 
air in tlu^ Ibnu of carbonic acid, and thus supply 
iiutrirrumt k tlm fungus, wdiieh is ccm«cq|ucn% 
rcgimhsd m a sfui of pawtsik to tlie alga. In n^tiirn, 
the fungus suppliers its mycelium k the liclntti, by 
whicii the latter is ermbled to fasUii oii tine surflfWic of 
rocks <u‘ trees. 

This attractive tlusuy mm m favour ft>r a con* 

T 
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si^loraWo tiino. It is now almost pomiilr'luly al»anflonecl, 
aiKl recent researclies, made with the view of isolating 
the alga and fungus which were Hii|>|H)S(‘d to eo-oxist 
in the lichen, tend more and mon! to sliow lhat the 
lichen is an independent plant, and iu>t merely an 
association of two plants (»f ilistinct fauiilies, algas and 
fungi. 

Mrrors of the sanxi hind nmy omir in the study 
of inicroI)i‘s, which, from thcfir ininutti size their 
unie.elhilar nature, tlu! rapidily of their growth, the 
variety of their habitat, and Ihe great re/M-inblancn 
of their form, are still more diflieult to dislinguish 
than lichens. f)f this we will give some examples. 

I'ltlj/'iiiorjihixm of hmriilin. — Uohin 

CIKdl)- IN7ti), nfUsr studying the development of 
Li'lttollii'ir, stated that Ihis niierohfi tirst appears in 
the Ibnn of a microeocciis ; then of n ituiving haet(o-ium, 
resenilding li, tct'iita, It. Ihirolinii, <‘te., and linally it 
forms tlie long immovable rod (//'(/;/7///.v), wliich consti* 
tntes Lpptolhrla hiM'dlin. This mode of evolution, 
HnppoKo<l to ho usual in the g4mera lituuUm ami 
Li'.pfothriat, is prohahly exmit, and, witii wmio reserve 
as to the speoifKS ich'iitity of the ditrerent forms 
ohservfwl hy Robin, riuHlem niierograpliists are dis- 
posed to a<j(!Opt it Rut llohlti goes further i ho 
mganls the antlimx hacillus as K{a'(>.ifieally identical 
with Lq)Mhrm hiww/w*. Tito recent pn>gr»,‘sH of 
Dcienco no longer permits »« to allow this identity, 
Wd iiave seen that them are, at any raH two 
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species, quite distinct in their action upon men and 
animals, * 

Palf/morphhm of MoMs. — The comparatively 
early researches of Hallicr and (»tliors tend to show 
that the fun*;! of mouldn display consiilcrahlo poly- 
inorjduHin, so as to c»nnplctely overthrow the classi- 
fication of thcsi? crypto;^aniS, TIicho rcsciarf'Jies have 
heen rec(mily r(^suirn^<l hy Oocarrlas, who corisldors 
it provtid that all iho monlds found in Hacclmrine 
liquids wliitjh have h(‘en allowed to fcnmmt and in 
pharmacc.utical extracts hfdon^jf to onrs aiul the same 
specie-s, which is hi^^ldy polymorphic, and wducli ho 
h*nas the Pcnicillium ferment- C(Ktanlas ussertH that 
he has Hom this Petiieilllum fennent pass throuf^h 
tl»e following succcssivo iita;i;f»s : — (^orpusmilar (J/mro- 
hatdm'idiati (Huafnrimi, JhidtJm), 5C(#o,y;Iainan 
(colonics, or Zimtjhira), submerfjed hyplue {loTida, 
chaplets, or chains), fruetlfc-rfnis filaments ((‘udit'^feuiouH 
sport^s), the whoh^ constituting the algous phase of tho 
cryptogam which fhsits on the surfmjo of syrup- 

The fungoid phase then begins. The swellings 
f(»rmod on the surface of the Uqtiid l»y the endogenons 
spares bud ; these hiids become elongated, partitioned* 
and ramified, constituting the aerial mycolhim on 
which the ai;*rial fructifications are developed^ irbleh 
can only form outside the lupiuL 

ThcHo fructifications, oltlumgU all Issuing fmm the 
same myeellum, may pn^sent either thu form of asper* 
gillus^ of mueori or of ponicUUum» according to the 
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juituni of the spoms on the fnietifVrous liyjilui. In 
other words, the c;liaractt‘,rs \^hieh luivti Ihmmi hithiTto 
cojisith‘ni(l as proper to tlu^ )L(oot*ra, AnpriytllHH, 
and PeHicilHutn, tlu^msehes types of thn*,tt 
very distinct iainilios.are foiiinl either siiaultaiusmsly, 



trtT, miHUlwm fVriwMit fr^^nr-HO- A^rUI lii f»f 

tiw thw* Mtmt ihi I’tnHihum *♦ hy 

fi witigh' liytilitt A t > TMt tlUotO* 


Of nu(lcc>HH^v«^ly, on tl»« Mjwnii fto'l «w» only 

van<*<l ftjmiH of a higlily polymoritliHi th« 

jK-nuiilUiim fonnoiit 

Fig. 107 piJintjfM'ntM Ui« tlu'iu*, fonun of fmeUfica- 
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tion, ftH Cftranlfi'* stales that Im ImM them, imiti'd 
and iHiriii! hy a liyjilia, iiiaynirK'd ii7> diuiiu'ter.s. 

Each litnii id' J'ciin tlfinak Lidnii”;,^ to a f-pecial 
clinn.i.'o in lli‘* Kyriij). In ayrup wliieli 1ms hi-eonio 
turhid, th»j fiTinfiit is in thn forpiiheiilar or bat-- 
tmidifin stii.i't'; when the syrup is rupy, it is in tin; 
/,()o;'ltiirinii nr llhiiunnltnis Ktnn«v, when it has turned 
sour, it is in the staffs of aipiatic tVuctifieatiou ; 
finally, when the syrup is mouldy, it is in tlio staye 
of aih'ial fruntifleatinn. 

OimrdaB slates that he has ohservod this nsilly 
astnniHhini^ pnlymorphisin while niakiiif^ vise of the 
ordinary iirewiutions for avertiug j^ross eri'ora Kot- 
withstandiiif; faets of the suum kind, which liavo Iwien 
put f<>rwfU'<l previously) notalily hy Ilallhir, but whleh 
are frmpiently e«»»itradi«iU*d by more acjcnnite reswircli, 
it may be asluel whe,t,h(*r this is not inendy a plnuio- 
ineimn of confusion, anahtf^oiis to that which was 
riffhtly or wit)Uf(ly siippusml to exist in the <!as«j of 
lichens. Fii’sh researrhes, irta<le with f(n*at<‘r p'o- 
cision in HlerUixed Jiipiids, and aecompanieil by the 
most sernpulous prwautiows, aro neewssary l)cfor» 
thewt fmsts can Iw definitively acmjptod by sclimoo. 

of i'u/Wji of tfoi Ilnwtn SMfk’^Xin 
is Jtioro easy to aecKspt, at any rnb^ in party tlto iH>Iy- 
inoridiism wjcenUy iioUsl by UrawitK in tltd fnpgus 
of Fuinm (ringworm), wliUdi wo liav» already dts- 
McriixH) under the name of 

Qmwito awsurta tliat wldun^icnt of ring- 
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worm, Tnchophj/UmioYiBimmfi of (^irhmato horpeH,an(l 
MicroHjmrim fiirfibt* of variogatuil pityriasis, an* only 
ditrerenfc forms of ono ami tlie satmt jmnisito, of w'liuih 
lio lias maclo a Kiiccrshful culture ou golatino, repro- 
ducing its successive ajjpearances. 

(Jrawitz, liowcver, goes furtluT than many micro- 
grapliiHts wull consent to font*w liim. He asserts that 
all the fungi of the human skin are (Uily trans- 
planted fiu’ins, nioditl(‘d hy thi3 medium, of Ohthitfo 
lavlin, the white mouhl foimd on milk, bread, paste, 
pol.ato(*s, oic. 

So, again, OulJmih afhtvtttiH, the furigus of thrush, 
is, m wo Ikave said, specilieally identical with ftVe- 
tihiUVNif/crH tKjifUfdrrtftat or flowers of wine, a ferunmt 
which is developed on tln^ surface of liquids wdiich 
are acid and contain little sugar. This must not he 
confounded with Mi/rotlffmtt, mr//, a true haeterium, 
causing the achl feruumtation of wine and hiain 

Still nmru recfmtly, in hSHB, Mah^olm jMoms and 
(h 0* Uemhu'Hon have stated that in an artificial 
culture of pcj)teniK(*4l gelatine at the fiunperaturo of 
from le*^ fcti 20 ^ spores of fidubophyUm hmHmnm were 
<level(jped, forming ramifted hyplae which were after* 
wards cov<ircil with fmctUieiiiions rescmhling those of 

iHjaolionH of MoM'^^po'm irth the 
injected spt>roH of PmmiVkm and A^(tt egUlm {nb<^ 
tlie vascular system of rabldfcsi with Ihe view of 
ctamonstmting their transformation into tmcioriiL He 
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tlius obtained ilio fbniiaiiuu of annill inotastutic 
CHitroH in the kidneyH, liver, Inn'^rs, (‘tc- The spon^s 
Hcut forlli hyiiliin wbieh able to )>ro(luco hu- 

perlVcb (a*;4aiw of frmdltivation, bub failed to efieet 
the forniatiiai of fresh Kponvs. (Jairky, Kca^h, anti 
Leber r<‘pt*ate<I tliese exjM^rimtaiis, and showefl that 
the aeelirnati/af it)ii <»f any kind of intjuM in the 
intf*nor rjf tbe Hysient was iinposNiltle^ whatever inieht 
hi the iiu>re or h*sH seriouH leshais pnslneetl by tin; 
introtlu(*iM)n of lbn‘i;;(a Iwidias intt> the blood of a 
warin-blootletl animal, 

y^Vrorn mamii In l,Hh*nvfofni fiuiperi mmU hj the 
hhmhi nhtf'*! MlAaee itf Dl/feetuU Mk/vim . — We 
nhoultl be the mt>re (Uintions about nec<,4)tin}^ the real 
or ajfjiaivnt jHdynna'phi^au (d eurtaiu tnierobes, since 
the intent HcrupulcaiH pn^cuuUon« do not alvvayn huo- 
ceetl in preventin;^^ coufuKbm Of this Klein gives 
the ftjlhnving innhinees. 

While he was sttidying the of anthrax in 

hirt laboratory at the Itrown InnUtution^ one of his 
fdmtds wm studying eattiae distiunper in an adjoining 
rmuu. This fricinl injeetiul the blood of a dogafltKjted 
by ilihteniper into a gtiitiecirpig^s veins, and was aur* 
prised to Siwj the anitnal die two days later with all 
the syinpUmm of anthrax, and to discover BmUlm 
mUknmH in its blood. Yet he hiwi marie the injec- 
tion with a p<rfectly new hyporleritmc syringe ; while 
Klein, for his own injectioiiH, hiul made exclusive tine 
of pipettes drawn to a point in the iHame of % lamp* 
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fn tliiR caH<^ ifc must bft asMunitMi iluit^ tlic> bacilli aii<i 
H|H)ros of aiifhmx bad s(*ttlo<l on Klciifs clotlioH, lind 
Nproail to th<^ table and Hour of iluj kicjhuI cabinet, 
anil liatl jmscd tb(‘ncc on to the bair 

at tho inomont of tbo (*K|icrinu‘nb 

Am»tb(T operator, who iinatulatcMl a j^niinca-pix' 
with Inuaan tiibcrcb^H, work<»d at tho table m 
that on which Klein pcrhirmcfl bin cx|tcriiiM‘n{H oii 
anthra\. Two of tlic ^niiu^a-pi^s died with litivUhf^^ 
4i>iilheitrh in Ibe blood. the japoites in use bad 

alwayH bmi repointed in ilii' lire, and all tint other 
instrumentH bad Ihicu thoroughly luxated before tbc 
inuoulatbui. 

In iuiotbiir on tbn contrary, a yuinca-|% 
itiondated with an atteiumti^d culture of HuvUU^h 
mthiHim, of which tho cHcct c»itdfl nnti bo fatal, waw 
examined at the end (4* Home wcekn, nwi all its 
Wf»r(^ founil to bo affected by tlie bacilli of tiibcnniloxis. 
On conHtdtitijf bin tiotcw, Klein found that on the Hame 
day lie, had jitufonne<l experiiiienfH on tuberenkr 
matter in tho namii laboratory, but hr* had alwayn 
ln*en careful tn uhc* differiiit in-struiuents. The mrne 
pbeiiomenort wan pnrrJlueerl in a auhhit which died, not 
r#f autlimx, with which he wjih r^uppocifd tr* hiive Imen 
imwndah*d. but of gtmeml tnhcrculoaiH* The inocii* 
ktin^ rupud hml chiarly laxtu impum 

It i« pr<ibable that liilehnerV experimi^nbi on tho 
lia^dlltiH of mi*at w wo vitiat«*fl by a Hiinikr orror* 
littoUuer iiUKmktfMl tuice with thkkujAlJiiH^imd boHoved 
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that lif! liail proilur.i'd anthrfix. But an ho. had fM*r- 
fornxul liiniM'ronH (^xjM'rinn-itts on anthrax in thn sanin 
lai*nralory, it is pr/diahli* that his nulturos r)f tlin nu^at 
bacilluH wnrt? inipurn, and that lin had really inniMilated 
with Jh Tin*, transfhnnatifm uf thnhaoilluH 

of meat iutu that <,if anthrax is thernlorn not yvl 
‘inwml. 

.Vh»/v//a'.— This is anoilnfr instainto of an 
analogous inlitakn, uwiii^r to which ihn Je^uirity 
l>acillns Iuih lr*nt! snpiMKsnd to he transfoninsl from a 
tntavly septic into a paUio;4enn5 microbn. This suh- 
starnHs, lenently tinporied fiHau India, is <*xtriudod from 
Uio HfHwts of Ahiu/i^ pfYmUtnm, ono of tho Ic^^nininotis 
(ilanfca A few drops of tho infusion of thoso masls 
apjdnjd to tho eyo prodiico eoiijunctivitiM, which is 
artilieially ox<dte,«l in cu'do.r to cHbci tint (riNappoaranco 
of the ^^riinnles ijmvimtua) by whhfli the iinnn* wurfaco 
of tho oyi'lhls in HonioUmes allbntotl In India, tho 
sainediijubl is mvd to kill ti«ittlo by a simple pmieture, 
with tho obj< (d of nkinniuj; them. 

When Katthfr indiced that an infuHirnj of j<niuirity 
b»enmo full of moving biMdlli in a few Iuhuk^ n* 
sembltnjj haailfm mUiVm of an infusion of hay (FSg* 
HO), \m unttb cuHurt»s of tliin baeilluM, ami pfisliucstvl 
by Iheir means woHouh oplithalmia in tim py^ of 
mhhitA At tho mmo tiino ho nscortaliiod that this 
microlaj was haiinh»is<H when floating in th^ air, and 
that it« patlwjgenie projiortieii w^m only cllsplayod 
wlmn it waa cnltivattsl in mi tafuaion of jotinWty, 
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In Hpito of thin, Rattler anerilnhs the puthopri^iiic action 
of tliis siil>stanc(j to tlio niiornbo. 

Klein repoattMl his <tx]KH’iiiif‘ntH with jirreat care, 
arnl was siieeessful in solvin^f fhe (snitradietions which 
iip|K‘an‘(l to r<“Mult fnan Sn,t(,lf*r\s resi^arehes. He 
jm*vetl that the haeilluH of jiMiuirhy, takf*n hy 5t,sf‘lf, 
(HMihl no in()n‘ produce an iidVcU^rus ophthalmia ihan 
l>iU‘huers nus'il harulhis could product* mdhrax. 'Pin* 
pt»is(U)ouM principle (d’ jetpiirity is a (dicmical fcrnieiit 
analoi^ous to pepsiue, ainl iudepondent of 
any iuicrfd>e, and its assinnetl hacillus probably <ha*s 
not dilfer specifically from JUivUhn^ nrfhfi^h. 

The transformation Jif an oii,<.(IuaIly liarmlcHs mb 
crt»be inb» a patbo;Lf<mic microbe is <bcrert»re not yet 
proved, and all known facts c<mtraili(!t tla^ pos.*»ibility 
td' simh a f raiisfm'maiion. 

l^ttlhttr/ciih iVlerohra-* Hence wc arc 
Jed to <hdinc, more precisely tfian bidbnt, tlic 
septic ndcrcfbcH and paiboe;ent« microlsTS, whkrfi arc 
in current usi^ in bactcnolo;^^y. 

The term ** septic is applied to the microbf^s or 
bacteria wttich j^eneriilly live in ilecomposucj; organic 
matter nn<i in clead brslii's. Tl*ese microbes, or ibeir 
spores, are fcjuntl in the air, in wafer, or the H«dh in 
tlm month and intestinal canal of a lif‘althy man or 
animal; but they aro develo|sMl in on^ater niimbets 
when the tiswueH arc dead or in a disi*#*sed condition, 
ami also in pus, hi the bronchial stwetion of pnhaouttiy 
catarrh^ on the surface of iiih^sfciiial ulceration^ eta 
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Such arc Badanam^ termo and Bmullm hliHIHh, the 
inicrohoH of putndaetion, those of the sweat of feet, 
etc*, of which we have spokou above; such, af^ain, is 
the bacillus of iluchn(‘r\s incut infusion, that of Sattler's 
jequirity, and linally, Grawitx’s mentioned 

in this chapicr. 

ThcHii various nHerol)ca, inoculated or injiicted into 
Idood, may ind<*cd produce didbrent diHordtu‘s, which 
in Honuj casi-s always nuuain local {w(hum) ; in others 
are limited to metastatic centres emysted in various 
organs— the livin’, kidneys, lungs, etc.; or, again, they 
may pnalueea geniiral infeediou of tliu hU/od, as in the 
H<spticcmia produciiil by Davaine when he inoculated 
rabbits with the lhu<l t^f putrid U‘eF. These rabbits 
diet! within two days, and their blood was found to 
be full of Ihtdcdimth The same result has been 

obtaimid by Pasteur and Koch, by merely inoculating 
guinea-pigs and niice wdth a little putrid earth or 
water, in whic^h tlu? same organism was evidently 
present. Hut in no cane a diseaHo with diHt.iuct due* 
racUirs wim produced by ibis means, with special 
symptoms, epidmnic or contagious, analogous to those 
of crysipi Ins, ntiihntx, tuburculostH, or eholerik Hetice 
the name of ^iueo these 

disiiasew flo nut exist In nature, 

On the olleir hand, those mierehea sure termed 
Itatfu^gcnic which always chaiaeteriiis© by their 
presilmco a sptuual dim^nrSe, epidemic or contagious, and 
imsseiSHifig s|/ecial sympboma and lesions^ whether thia 
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inirrolm fiubsistM in blood, tho innor pnri of tbi% 
or;j;aiH, or inorriy on the siirftico of tin* di*j[ostivo, canaJ, 
Surh an* tlos ntiurobos of anthrax, of tub»*nMilosis, and 
<»f (dodioa, natural disoaMOM wliirli an* not prod»iCi*,d l»y 
iJiti oxporirtnmtw of man. Up to iliis iion* a Hojitio* 
niirrobe bun not Ijoon }»rovt‘d to bo tran.-4bnnotl Into a 
truly j»aiho;^o*ni(*, tniontbo, and <‘onsr‘iuoiitly a cmn- 
]»loif‘ly now tlisoaao, (diaraoitodzofl by tin* dovolopiin*nti 
of thin iniorobt* in tho lM>dy of man f>r nnutmli**, has 
not bt»on c*roat<‘<l 

It must also b(* roiuarkod -oiul tliu po<‘idiarity U 
(‘oiiimim to iMdh (‘Iusmm (»f mirrobo,-. tJuit aortalu 
baatoria ]>rodu(M* vory dilloront oiloot-s, arnordin^ U\ 
ih»i animalH into vvhonn bodiojs tlay aro introdnaod. 
Thtm f^uino«a‘pi;L(^4 oannot iin»oulatod with tli*^ 
oxjioriiuontttl WiipUoomia of raldais and tnujo; and 
dop?s ami wwitm display mon* or los:^ roAiatanro h> tbn 
irioctdaiiou uf anthrax, finally, tltoro nro oasim iu 
wbhdi iho attempt U> iniamlato an animal with a 
aontafjlouw iliHaaso jmnoly prodnoivs a sopiicamia 
whitjh muHt not Ih) nonfiamdod wit ft it. Tbiw ronult 
will m>fc astonUli tboso who know' that Mono 
of plants, jmiwrmoUM to iiiiat bo oaton wdtii ho-* 
punity by many atiiumk Ihit it h woH kto*p 
thin fiutt in mind In Iabmitorir*H, wlu^n tho attempt 
is miwlo to inoculate mamak of various spooiea. 
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CirAPTEIl IX. 

roNCMrsiON', 

TmK MlfttOfltAV TiIKDHV CIIMI’AIIKI) WITH tmucii 
TlIKOltllOH l■lfT KoltWAIlK TO KXl'I.AIN TUB 
OiiKtiN Of (.'oNTAoiors Djskasks. 

Tuk piimnitid tlmurj/ of dMoaNori in far from l)oiiij( 
liy imulical inon; at tltw vory timo 
tho tliooiy inaftivt'ly opponoil Ity iiiodioal piuotitioiMsrH 
of who anj aiivotinkw <>f tluf fclioory of 

tlio limatt.! cl)araet.or of <lis(‘asi»«, fa tliolr opinion, this 
tiisoiiHO is Kpontaai'iMiHly <lav<slc»|KMl in tiia pationt, or, 
at any rates umhir tho inllu(>n(‘«e of a cotiU^Son of 
Avhifli tins iiatnn? Ixatill uiikiiowiu Tlnsy conHidor that 
it i.^ »»nly a wwomlary (!onipli(»ition wlton iitiomlN«i ar« 
ioitivl in fclia tdtaHi, and that tIn*Ho micixtboa an» not 
tho mtiMo of tlu» riiwtiao, nor ovtm tha CKintitoiotw 
itlrmunt, nor tinj vuhiflw of oonta^ioo. lit a word, 
tho iiiioroldati thoory Ls in thoir cyoM a |JU;rcly j^’atuitona 
hyjajthoala, 

Atiniitting witlt Uiom that tho mlontWao thwory i» 
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only an liypDthc^siH, Itit ub comparo ifc witli oMior liyjm- 
tlienos \v!ii<ili have been proposttcl to (*\plain the 
virulent and conta<jfious nature of ei'rtain dini'aKeH. 
This eonipariBon may throw home li^dilon tin* qu(‘Hti<m 
at iHHue, 

The value of an hypothesis must be csfimaled by 
the numbt'r and iniptjrfanee <»r the faets of whleh it 
affordM a ch‘fu\ precise, and really seheitilie explanathfn ; 
it must also \u) <‘,st,iniated by its inlluenec on the 
advanee of seiiuiee. We will th(‘ndbre einum*rntti the 
prineipal th(MU’i(‘s which hav^o bf‘en proposed lo (explain 
the ori^^in of virulent ainl etuita^jious diseases# wiUiotit 
tint inte,rvention (d*iiiiej’r»beH. 

TInuu\if of JUffHtrni^K-^AU}mvfi\, as far as 
we ar*^ awurr, Ilohhi has not recently piibtishe<l any- 
thing with referents* to his opinhm of the value, of the 
miendmin theory, Houm of his pupils have ,set forth the 
thetiry of Idastema as it was statt'fl by tlnur in 

books publi.shetl from ten ts) twenty yt*arH 

In Jlobin*H tipinitai#no e<*Il is bom from anotlier 
cell, in the form of a bud, an or a hporo. IFii- 
dotibtsHlly there in no Hpontaneoua ^(*neratitm» at the 
(‘xpense of oh'inentH of ex(tlumv<dy intir;,^anlc) origin j 
but this gem*ration or gmiCHis otMsurs every ttay at the 
ex|)im;so of an organtxtsl Hiilmtaneo wbieh in living, 
but fluid ami arnorphotm# and whhdi has its Houme 
from <itbe,r pn^-c^xistont eelk This fluid m f^ermed 
by Kobim Blantema k the aurplua of tho 
nutritive eubstance, organiaod by the ecdlw and exuded 
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from thf^m. Now may be complotcly formed at 
the exi)exisG of tins blastema, without having their 
Hourcci in ono cell m<)ro than in another. According 
to Uobiu^a tlu'ory, the pus-corpuscles, wliieh are a new 
creation, are pro<liuj<‘tl in this way: tlmy result from 
the, exiuhiiion of a lluid wliich issnes from all the 
(organs, and are nf>t produce-d by the enlnrgmaent, 
reprodueiio!!, and bmhliiig of pre-existent ccdls, os it 
is staiiMl in other tbeorieH, and notably in those of 
Schiir and (lohnheim. 

Wlu-n this is estal»riHhed,it follows that all diseases 
have their origin in a elnunical or pliysiological 
change in the blasbuna, which at one time produces 
normal cells, ada]de,d to replacii thoHo which die from 
natural <lecay, and at anothm* cngi‘ndei*H rliseased cells, 
whieli are rlaiig<‘r(»us, either owing it* their too great 
numhi*r, m in septicemia, or frrun their peculiar nature, 
as in tubercle arnl cancer. Hero wo will (pioto Jlobin’s 
wortls: **The causi^ <4* morbhl (Ustiirbance anses from 
the changits which take place in the <iuantity and 
nature of the immediate consUtuents of the actual 
substance of the tissuns and secretions. Tluw 
xnake the development of miniito sfiores possible. Tbo 
nuilUplieation of mic.roscopic plants is a secondary 
phenomenon; not the Hcientiflc catise which actually 
dclonnini^s ifct 11m presence of the vegetable parasite 
k a eainplicatton wldch has licen ntlstekcn for the 
0mm** {Ukfmre mabs^mlU de$ dk 

Umme, 1858, p. 2B7> 
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Tlu^so wouIh wem written mort* than tlfirty yoaiN 
auil it may bo aHketl whether tlie immen.se pro- 
;^r(^ss which .scienco haw made ninco that date has not 
Komcwdiat iuodhi<Hl the author’n opinions, ,rousH(*t 
do JUdltssnio is Hcarctdy entiMod to take iliONo vtords 
anti paraphraNO tliem as folknv.s;- “Tliif mici’olw*, 
where it rt'ully exists, is tndy a Ht'(*oudary pht*- 
nomtmon, anti it vvtmltl not f»t* too imitdi to say that 
m* fr<‘sh clt‘uient has intorvenetl, tdthm* in stmilhpox, 
scfirlatimn or tubercular tlisiw; in sneh eaHos ihertt 
is only an tfxa;,oj;enitit»n and i*eprt>duef i»ai of nt^ruml 
el(^nu‘nts, vUiich, iidlumioetl liv wliolly olHenre eon* 
tlitions, ant ♦‘VtdvTt! in an nlhe,^o‘fher unusnat manner ’ 

The definition jjivtoi by Jtiusset tltt is not 

that (if ciiutaj^iotis dise^utes, but cd" which are 
enmbiinsi nmler the oi^ticrie niitno of <»aneer. If Int 
meanH ttt ctonparu tln^st* tli senses with tjitneer, snrdi a 
(jtonparisfwi is imptwHihle. It is wtdl knt^wn that 
ciinettr in not etnitaj^doiis, mnl this fa<*t alorko placen a 
t^ulf hf‘fcwt^en fhcHO two kifaU of diMt^nsi^ (^iue^jr is 
m^t only not eoiifcaf^ittuH nor in it conveyetl by inmnila^ 
tion, Imt it is only lofrcMliUry ifi alamt a tiUm of 
Otises. Tubt^r(tult>Mis in, on the othf»r hainl, a emh 
fayiouH distmse, iNtennHtj it is prtnlm»efl by miomlnirt, 
atnl it may be otrt down tm iHoeditiny in liiiin esaaea 
out of t(;n. 

douwHot do Bellesum^i^ theory, therefore, e^fplamrt 
HfdhJtipf, and hstvcH the <|neHtiim aWdtdtdy mibmtdnal, 
Khi«i> it thrown no light m oontagiou and vlmJ^noe# 
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the proeisf) paints which it is essential to explain. 
But we must return to Ilohin’s theory. When ho 
.states that the luicroho is only developed in tissues 
which arc already chan'„'i-d, Ilolan is not so far from 
the parasitic theory as his j)upils represimt him to 
1)0. It matters little that the microbe may be only 
a complication, a soconditry phenomenon, if this 
scconilary phttnoinenon douiinatoa the whole disease 
and invests it with its dangerous character, its con- 
tagious and virulent nature. In the case of a viper’s 
bite, it is not the bitn from the animal’s teeth which 
is dangerous, but the intriKluction of the venom 
which flows from them; that is, the secondary 
phenomonou. And it is the same with an anatomical 
puncture. 

Two mm in similar circumstances are attaektsl hy 
pneumonia; the first will recover with ease Ijccause 
ho is only thirty years old, while the other is almost 
curtain toilie because he is seventy-five, but wo should 
not therefore say that bo died of old age, and that the 
pneumonia was only a secondary phenomenon. 

Oldium and the phylloxera have attacked the 
French vineyards which are exhausted by excessive 
cultivation, but it will not therefore be denied that 
these are two dangerous disoases ; nor should we say 
that they aw sixsmclajy phenomena. It is Uieroibre 
evident that Itobin’s tlioory, as it is set forth by 
his discipltHt, who have resusoitate 4 statements made 
twenty or thirty years ago, is no longer on a level 

' V 



‘200 MICROBBfi, PEBMKNTM, AND MOUt.DH. 

with tho prosont state of a^ioiu-r*, aH'l is in no case 
applicable to virulent and coutaj'iimM diM'n.si'H, 

Tlmmj of Charlton Hartal n, a ad tfii> Kiiijriidi Fol- 
Imnfira of hi» SrhooL—T\iU tlu'ory, hi'M by tho most 
ardent opponents of the seboo! of 'i'yndiill and Pasteur, 
is sot forth in the writiiij's of Lewis and Idonol liejilo. 
It scarcely dilfers from the one we hnve Just stated. 
Lewis think.s it very (‘viilent that tho pri*s<*iu*o of 
inicrojiliyta of tho bI<K>d is oidy a, .secondary ]dieno- 
nienou; that tho chanoo in the fluids of the body i.s 
efli'cted Isdoro the sli^^htesl ti'fwe «tf their preseneo can 
bo discovered. This is plainly iiohin's theory.* 

ileale is still nu>ro absctlntu and exehisive.f He 
holds that the solid patii(*tesof vaeeinearemtt bacteria 
nor inierocoeci, but fo'e/dos/s, or fonnnliitefl ehunents 
which have their sonree in the livin*; siileiLirice of the 
cow, and these bioplasts constitute the efleetive c,on- 
tajjion <»f all virnlcnt diseases. Hioplnsts am extremely 
minute partielus <tf tho livinjf suhsL'ineo of the species 
jilltichsl Ijy tlw iliseose. Tluj (sontajifion is a hio/ilitataa, 
anil each npncioa of conta^touH hiiiplasma Juanifiists its 
pc-culiar spneifio acti<»n, and that only. Wo innst 
leave it to others to admire anil ]siraphm>sf;i this mneii' 
title jar^'im, which soenm inLuniisi to take us sevemi 
agi's ItfMik. W« must, however, olwnrvo tliat Heale’s 
theory is Homowhat alliisl to another, mitch more 
acrioUH and oompleto, of which we have now to s{>eiAki 

• Lm JU'h’rn’fihyfn rf» fiaug, irSI. 

f 3%* Mkntitifm in Mniktiw, IHSl 
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BrcJiamji'n Theory of ilU-mzymn. — According to 
tluH disfiiscH aro not duo to a fluid blastema 

which is (ihfiTigi'd in discnsi*, btit to an organized and 
solid blaHtema, n-semhliiig the constituents of the 
blood, and consisting of very minute ]iarticlits of living 
inattcir, which are miri'icyim. Those are the elemen- 
tary granules which may Iw scon under the microscope 
in tho cells and in all the fliii<lH of the organism. 
Tho mycrozyma, and md. tho cells in which they are 
encysted, are the real agenfs of all the functions of 
tho (trgaiiism. IJy the s<*crel!on of a fluid termed 
zyinmr., (»r fornu'nt, hy which they am constantly 
surrounded (Istth togeth<T constituting what is callerl 
protoplasm); these mienjzyma efleot the various tituis- 
formations whicih lmv«» for tlufir fliial ohjeot tlio nutri- 
ti«mof tho organism, Virnh'nt and contagions diseases 
arts not proflu<?eil hy |(arasib!H coming from without, 
Imt by the microzynia ihemsidvcs, owing to a perver- 
sion of their Tiormal functions. In such eases thf*y 
WicroU* a vitiatisl aymim, and arc transformcsl into 
iiiicriM'oeci and hacteria, which it is an error to regard 
ns forelgtn bodies, sliicn they am only the nfsnlt of the 
.sjMicinl form of microzyma pro-existing in our tissues. 

It must also b(i said that these mierozyina ara int- 
perlsiiaiile. Tlio cells of uur organisui die and am 
renewed, Init tho uucrozyma which thiijr ConWin am 
only iwwMfiated with otlier microzytna in order to 
comtituto fresh cella After death; their tmtiafonna- 
tion into tnitwhiis produces putrid fomentation, and 
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thoir exiHtciice is pr()Ion;'(jd far boyorul tlmfc of the 
firj^niHias of whicli they ifiniMirarily fttruu'd part. 
Tluw tho niicrozyiaa of elialk, which <h)»htl(s.s.s have 
thoir Hourco in tho aiihtial and vc{ft‘tahl<! ti.sHiMSH of 
that epoch, arc still living after a n'jittse of many 
thousand centurios, and may ho transfornicd into 
haotoria if supplioil with the fitting nutritive liquid, 
as Bccliamp Inw demon.ntnited. 

This is undonhtodly a very afiraclive thoory, 
which would explain a larger nundier of hicts than 
tlio theories pi'oviotisly shited, ytst it i.s iinp(*ssii>h) Uj 
mako it agree with Homo of these fuels, while thoy 
are rea<lily explained hy the parusitio tlujory. Such, 
for example, ari» the phenotneiion of putrofuction, and 
tho Iwindits of Lister's dressing, and of (ludriti's pro* 
teotivit melliod appUe«l to w»nin<ls. 

Kohin, in bis thoory of hlaslsuna, also stated that 
putrefaction took place without the intervention of 
any external agrtnt. 

It is, Irowover, now known that when dead IxkHos 
ant protected from air-gtmns, they do not putrefy, but 
hecorno mummies. Buch is Urn e^ise with tho bodies 
whiith have been preserved for many otmturies in the 
crypt of ono of the chiirelnrH in Ikmteiuix, and which, 
withmit any antiseptic pnrpamtion, have grmluaily 
pasHtsl into the state of ntnmmiea Many undtor^pniind 
imildings and oaverns, in which the air is dry and 
Mm temperature invariahlo, present conditions favour* 
abis to such tiansformatloni doubtless bocaust tbis 
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situation is imfavoni’aiih* to tlio life of the lower 
plants. 

The theory of itiicrozyrna expliiins the ti-ansinissi tm 
of flLHeases hy the or'^uiized ifli-inonts of the virus, 
while the filtertid liiiuiil of the same virus is nniii- 
juriouR, and in this r»;s])<‘Ct it is more in accordance 
with facts than the theory of Idastisina; hut it does 
not explain the afreet of the exclusion or sifting of 
the air by (Sudriii’s (lri).ssing, ru)r that of curlwlio acid 
in Listtir’s drcHsing. In fact, if tho virulent microzyma 
are in tho patient’s bfsly, and have no external source, 
it is diflhiult t«» understand of what use this process 
c*aj» he. It is evident that tho cotton wool, which only 
arrests tlie solid particles of the air, while admitting 
the air Itstflf, must imt hy warding off something 
Kuspeiide.d in tho air, and tho matter in suspension 
can only ho organised l>«dios, or air-g«mis. 

77M'ory of lVw(«i>uw.~-Spwtial alkaloids 
wore discovered by I*anum iu ptjs and by Behni and 
(lautier in putrefying matter (ptomaltnes), and par- 
tijsans of the theory of non-org»«iised virus apiw&l to 
tluise pt a Ifist rosontV^. It has been tmppowvl tihat 
these ptomaines or toxic alkaloids woro tho prodwdit 
of putrefiiWiion, or niwhid changes which poraly 
eliemical, produced in the tissutm and floida of the 
system, without iMty external mtorvenidon of mtcrohoa 
This ft priOi'i idea does not wAlly differ from Koidn’e 
tiieory of blMema. I.f it is fucaepted, ail pathogenic 
mierdbeti npemido Battler's jo^tdHiy Wlffutt w 
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Wiitaialy liv<‘H and in di‘%'L‘l'>]W'fl in tla' iioxic jnip« of 
tho «c<hIk of AhniK lull which, as Klidu 

hm Hhown, has no inHucucc! on tlui ariiiuual conjunc- 
tivitia produced hy the aid of this liipiid. 

This tluiory of ptomiu'nca without, inicroims ia, 
however, inwm.siHteiit, with an iiujiartial aLudy of facia. 
It ia tnic that a auitaitlo filtration will Hoparat«» the 
pfctnaaViic from its miendMi; hut the conveasti, aa in 
the ease of the jeiiuirity liipiiil, Ls iiiipos-sihlo. When 
this iiiicndMi ia H(*|tarated from the t»ri}'iiial H<iuid, 
and transfurnsl to the infuaiona of aucccaaivo eulturea, 
an aa to purify it frotn every l'onfi«n ehsmont, it 
continueH to prmhus* its charaderiatie, phmmi’nc, which 
ia manufuctunsl conqdotoly at the espenao of tho 
(!ultur(! Ihiuid, aa Pouclni’a risieiit e-xperiinonfa on the 
ptomafnc of cludera have shown. Thorn ia no ptcminlno 
without ita apceial irde.ri>hc, any inorsj than theisi ia 
er>^otinc without (,'laifhn'jm /tur/nma, or vinegar 
without Mifiwh'iW(i< un'ti 

Padfiwr’it MimtlHan. T/tmri/ w the mlu one v:hh‘h 
(‘T/itidm all iWat.— Thn microhian theory h tho only 
one which ia not ohligtwl ti> have nsmnuwo to tho vagtto 
exprcftaiuna with whldi mwiiciim wiw formerly contont 
to explain tlio ctjntegion of disisiwja, and ■wltich atill 
aatihflea JonsHub do Ihjihjainif, when he 8}H«»k« of tho 
wh«dly oltwcuro condition# which awxnnjmny tho pro- 
duction of thoao diHoawiS. All tlto oxpnnwioUK cd 
mhwmafa, vimw, effluvia, cte^ which wow In urn twenty 
yitm ego to dotiignato that nnknowtt agency which 
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constitnU'S contaffion, could only be defined by having 
recoui-Hi! to the term “ culalytic action,” which merely 
placed the. solution of tliu pruliiem another step back, 
and Kubstituteil one unknown thing for another.* The 
pamHitie, theory wdll have done much for science if it 
only dt, •livens u.s from ‘'miasmata,” "oflluvia,” and, 
above all, "catalytic action.” As soon os it had bc<!n 
shown that miasmabiand ciHuvia, as well as virus, were 
{»nly air-g«U’ms — that is, inicistbes and their spores — a 
brilliant light was thrown on all pathology, of which 
the Ixncjfits may lie imtasured by the great work acooin> 
plished in Uits directi(m within the last ten years. 

Tills theory has given us CJiiwriu’s protective treat- 
ment of wounds, Idstur's antiseptic dressing, and 
I’ahbntr's now vaccine, and thoBc three great dis- 
(Hivurios are enough to render tlu$ hypothesis immortal, 
even adtutiting tiiat it is only an hypothusia The 
adverse theories, when opposed to the microbian 
theory, can show us no progress ctfeetod in science, 
niid this siiitlecs to coudenm them. 

Moreover, tlm mierohian theory is no longer in 
the phtnitive stage in which it esm be rogard.cd as 
a purn hyimthesis, siuco it has cutered the domain 
of {Kwitlvo facts. Before an infectious disease can bo 
eunsidcred due to the pi'csence of a apeoiKo nticrobe, 

* K«in, f'« atampUt, tlw wrUvIn Mitutm (n Myst^n's Plittioasry 
IWH)! “MliinmalHWrtWtltstwl hy 

WfUrdM wu iirinbN) In italliM by iMiltt litsiwitt also tb* wokIh 
CabtlyUiiiuif, Virtu, ala, is tiw MWb dtrtlwsry. 
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it is indisponsaiilts to suimut it to tlio tost of tho four 
following ruluH, which liavo been dourly establish ad 
by Koch : — 

1. Tho microbe in qnrstirm must havo been found 
either in tho blorxl or tissues of tins man or animal 
which hoH died of the disofuse. 

2. The inicrolHi taktm from this medium (the 
blood or tissu(!s, wliieh<*ver it may lie), and artifldaily 
cultivated out of ihu animal’s body, must l*n trans- 
furri'd from culture to ciiltuns fur several sunceHsixe 
generations, Ui.kiiig the pri'eautioiis nettessary to 
prevent tho introduction of any other inicroiMi into 
tlieso cultures, so as to ohbiin the sfieeific minrohe, 
pure from every kind of matter proceeding from the 
body of tho animal whence it originally came. 

3. Tho niicnibe, thus purifteil hy sue»»-ssi vo cultunts, 
and romtrmlueifd into the body of a healthy animal 
eapablo of taking the disease, ought to repnslum tho 
disease in question in that auiriui>l with its eimrac' 
teristio symptoms and lesions. 

4. Finally, it must 1«) aseimtaineil that the niicn>lH) 
in qumtion lias mutiipliml in the system uf the animal 
thus inooulatod, and that it oxists in greater tmiutH»r 
than in tho iuocnlating liquid. 

Tlieso four condiUoiiM are ned^ssary and sufUeient,' 
and in the presont state of science they may be 
ntganlml as fultilled in a considomido nitmlior of 
diseases; in anthrax, fowl cholera, swine fever, 
glanders, sioall-pox, tuboreuloMb, erysiimlas, and even 
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in Asifttlo ehoinra. Those are imrloubtcilly microbe 
diseases in every sunao of the term. 

The opposition which the iniorohian theory 
oncoiinters in pnt1j()h)ji;y is not new, and need not 
surprise us. In all a'4<;.H medicine has clunif to its old 
traditions, and has been nnwillinfr to renounce the 
habit of i’e"iirdinp; disease a.s 8f)m*‘thiiipf niysterions, 
ju.st as in the times of ancient magic, of which our 
modern scons and Borcfsrera arc a relic. The parasitic 
theory is too simple and natural to ho accepted without 
a struggle, hut its earlier achievements are a good 
otnen for tlm future. We need scarcely remind our 
readers that at the Isjginning of this centiiiy the 
parasitic theory of itch encountered tlu» same opposi- 
tion, yet no physician now doubts that Surcoplm 
mthWb is the solo cause of the disease. Somewhat 
later, towards the miildlw of the c(jntury, when the 
presence of special microphyta was ascertained in 
mi«t, skln-diseawis, the imp<jrtance of this discovery 
wan denied.; yet few physicians will now dispute 
tliat th(^e microphyta arc idie chief, or rather the 
sole cause o^' these diseases. 

Ho, again, in antlirax, when wo observe the hkiod 
and all the orgaiw fillwl with boebiridia (JfktaiUm 
(intfmidft), it can hanliy las denied that this disease 
is eMssntlaliy parasitic. Since these l>aeterldia are 
living beings which grow, are rcprpdiioed,; and broiod 
with great energy, it must l>e admitted that tlmir 
piswence constitutes an immediate danger, especiaUy 
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sine*' it iH known tlmt thoy olaborato, at tl»« expemsn 
of tlio organism, a vioUmt jKiisou (iitomaYiif), wliieh 
l>(>nf‘trat(fH wIictovct tlm biictariiHa «‘a!iii«>t fiml their 
way. It can liardly Im wild that in this ease the 
haetcridia aro only a "si'condiiry phenomenon that 
is, ammim]»t)rtaut coinplioalion which gives no cfiuse 
for imisasiness. 

What wo lifito hero sahl of anthrax also applies 
to other diseases : to diphtheria, sninll-{K»x, and inter- 
niittenb hwer. W-e venture to iifiy tliat if our instru- 
ments w’ero not Hufliclontly pf>W(‘rful to enaltlt* ns to 
sec the organisftiH whicli caiise these diseiiM.'s, n'iison 
ahme* would dhligo us to admit their exisUuuu*, from 
(tur gtmeral kiu)wl«!dgo of the cause and nature ot 
cmitagioHs diseases. ,,Th(i word ''contiigioji" implies 
microlst, and the simitlioity of the tlieory gives It 
value, and pi'nuits us to regard it as the expression 
of acttual fu(*ts. 

After this, it is unimpoiiant t-o know whether the 
mu*,r(»l«j i» itself the wmtngion, or only its vehicle; if 
it acts by itstdf, or only by the produotifm of ptomaKim ; 
if there is a spitciflc micn)ls) for tfach kirnl o{ Uisi<ase, 
or if this luicroisi is Husceptiblc of trauslbruiafion, like 
otlior living things, aocoitUng to the nature of the 
medium irt which it is nourished. Tlu’se are nttcondary 
t|u(>Htiims, of which the future will doubtless affrmi the 
solution, but which d(j nut adcct the pHnci{di> of tlm 
pnmsitic tlntoty. That theory is only just (tstabilshcd ; 
each day brings a fresli ctono to the edifleo, but we 
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nniHfc not yet expfict it to Imj coinplotc in all its parts. 
Tlic a«ivanc(< of aficiuui may modify its details, but it 
may bo a.ss(‘i't(;d that the ibiindatiuu itself will nuriain, 
since it i-elio.s on the simple and natural interpretation 
of facts. 
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A. 

TKHMimOat or MTCaOUKK: VARUTIOlfS IN DENOMINATION 
AND CIiAH^ilFICATlON. 

In otiriKtMuumoo of ih« polymotiilimm of inicrobo»» the 
i<»nnlnology f*rn{il<iyijcl by diffovcni authorH in very umtabb. 
Wo havo given the OHtnbliHbod morphological olawsification 
wliich iH Hlill moHt. generally umwl, but wo nmai here add 
w>mo TtHfui^rkH whirh will make it more cniny to tinderatand 
workrt reeeiiUy publiMhed on miewbes, Huch as Lrji 
by OernH and Babtis, md Mkro^orffatuttm^ and 
Jdftmmt by Khtin. 

Wo mast ft mt nofe the tendeneyioelimiiiaio the iminm 
of two getiem s and V^ihno. 

(Joriul and DnU'^ give the name Daotuim^ which is the 
title t»f their work, to tlio whole group of <yi* 

nucrohfts ^»tri(*ily so called, regurded an a distinot onler* 
They have CMHiMoqueutly hmti led to HUpprusii the genus 
Jlhittmnrfi^ in order to avoid coiifnHion; aiul itt<N4t of the 
fomerly asMigned to the genus HmUriam aro 
m^gardoil hy thi‘m m JUttrUlm^ whether the mdivJdtial is 
Jong or short, tnobih^ or statirmaiy* In tho desoripthm 
o{ ilio micu^obes of huinma diioakOii w# have ooitformed 
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to tliis nomonclataro, wliu^h a[»poftrH to In? ntlopforl by 
ao as not to ovorlojul tbo aynonyruy oT 
rninroboB, which is already aoiiu’wluit It is 

probable, moreover, that this aHKirnilfttion is correct, 
and that m(»st Ijacilli pass thr<tufy}i a phases in nhi<»h they 
are sliorfc and mobile, befin'o lu'crnoin^jif clonpitf'd and 
Klationary, On tho oihf*r hainl, certain types rtf the cthl 
Barfi^rmfn — for insiaricit, the? baett^riu in tin* forin of 
an B*--Bhonld mther he aHsifrned to the ^enus MIrrf>r{ff*cits^ 
(tr tft the new p^enus Diphiroef'us, 

Wit-h r<‘spe<rt to the ^^o*nua Vlhno^ it seems to have 
b(‘m orijrinany only a somewhat hetin’OlLjeneoiis eolleetion, 
fvimpHsin^ both thu ehuins and ehitjtlet Hof mieroermci or of 
short bne.tmna,and the strietly tinieeniilnr or;jtanisins whieh 
mi|itht be nssi^^ned fco the ^enns HpidlUfith Klein, h<»w- 
(‘ver, reserves this genus for Vtftrm rfftjnht atnl \\ Strptm, 
Tho genns JZ/mawow (Hnllier) is also termed by 
(V)lirt, HpItcruhttHrrmin, ami these two names are now 
given to the only uni<udbilar tnierohes wliieh are roumi 
♦»r oval, stationary, and eonseqtirntly devtdd <if eiliam or 
llagellum, tin* organ of prv»pulsif»n. 

Tlirso mierotrocoi nmy be in tin* form of efnttns m* 
(‘haplets (hrulu)^ dnmb-bells (Klein), the figure 8 ( 
rerrw, Billroth), groups of four, and r,oogloem or in maiws^ 
of greatfsr ntmiberm, 

The genus Jhd0r{nm (^fhrtthnrhrl1m^ (John) differs 
finm the b>rt*gfdng, as Klein wtat«?s, chiefly in the oval or 
tjylindrieal form of its colls, find still more by the pn‘s**ncc 
of a (dlium or flagellum at one extmmity, which gim a 
HismtaiieouH movemoni They may thus mmttw the form 
of a «po«go*<mlce and of a dumhdmll when tlioy divide in 
two, and may also form short cliai im or As wo 

have already said, most of ihomi argauisms asslgnist 
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hy Ooruil to tlio ^conns IlatUlm ; at any rato, in tho ('a«o 
of ori^finiHtnH pc oriHar to huniau fliHouHos. 

The f^erma Bacillns aocoifliui^ to Kloin (TJemwhac- 
Cf^lin), inohulc^w mlcmbc»H in tho fom of morn or 
It^MR olonpfatod roda, vrhioh dividcc hy fjHm'cm into straight, 
cairvcHl, or /dg7.aggo<l chains, fonnod of olc'mriitH irencrally 
in contart hy their aqnarr-ctti erlgea, and which may ho 
coimidorahly olongatod in the form of Lf^iU*thrh\ 

Romo of tliOKO, when isohited or in short clminH, poa- 
HORs a flagellum at one oxtromity, and art) consequently 
mobile — ^suoh is tho case with Ihailhs mhtilis and most 
ot the bacilli of putrefaction — but they lose tliis organ 
of movement on passing into the staio of LejPiofJmirt, 
Ifanllm antJirurh is always statiouary, and devoid of 
fUigellnm. The fmit that thoro is in thin genus a ^dbiatory 
eiiiuni, and eonscquontly motion, breaks down tho barrier 
hotwcaui tho gcaiem Uachriam and BacUlm^ and con- 
Hc^qncmtly junfilioH OorniPs view. 

Tim g(‘nc*ra Hpirlllnni Oohn,) and 

^Sp^rnrh^l^ff* arcs inneh more rare, and have not given rise 
to tlu‘ name variatioim in noimmehiiuro. 

Wi) conclude by repnalncing tho claHsificaiion of 
Habemhorst and Klilgge, as it is given by (lotmil and 
BalAs, in (»rdor to sr^rve as a oonveniont schenne for the 
putlm^ciuic bacteria in which wo am spociatly iuiemted* 
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Cl-.miFICATION OP RaUKNIIOUST AXO Fl,ffifiK. 
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B. 

AlM‘RlSrtHX TO (MIAI'TKH IH. (p. I.U). 

MMiliococfli.'M OF i*iiri)'i'iif)ia "cBxrj;, 

T)i(* {itirtH[itirtri<H0Pn(Mt of tlm m'u in duo lo tin* prom'itoo 
of «»f Mw* of wfiiiTh 

(ftiitui Up (lit? linrfiieo in *it<»rmy wi’nili4*r. Mtinj? ntlH*r 
tnntiiiM iitilttniln pniiirinfi iltn wttin^ pliiiirimnMm. Tin? 
pfioujibontHt'entiii of roUim UsH iii Uitt? to ibo pivifonm* of 
n mioroomuotM witiifli fomH hiFK^^ojii^ttlnr 

TI*b Hiimi* niioitHiot^aun ti\m nppmiii ou ptitrpfio/l mmt 
%ndi U) ti« % pboMphotmsmii ligU* 
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AVPKSmX TO CirAPTKR UL (p. UH). 

t'UNT-JJiSr.ArJK*^ CA17R1S1> FJV HACrKHlA. 

Tliti pr<'KMi(^<* of pumHitio bm*t<*na hm boon roccntly 
K*iuio(i oul UH thij oaiiHo of dlHeaHoM in plnnfcH, la 2880, 
lurt'il, of Illinoiw, U.S., lifi« tluninrod tlio BhrivoJlinjf of 
w arn ii) \hi duo io a bacioriniri whioh aiiaokw fruii-fcreeft, 
ml c*f whicjii h(< Kiicmiodud in making an artificial culinm 
n IH82, tlu> jattatUna of hyacinth lailbw was nsoribofl by 
Vnkkor,oJ AmHh'nlam, to tho (lovolopumai of a l)ackn‘iiun 
lotuoon tho layors, which may finally <ioMtroy tho plant* 
n AnguKl, Lab do Anclmdo Com» proHonltjd a 

apor U> tho Atjaihnay of Hcuoaoew, in which ho asaorfeod 
imt tho vinti^ilmoaHo amndlwHl to i*/njlhxt*ra imMrit is 
/ally <ln(^ t<* a btwdlluH, or mthor, acttotHling Ui hia do- 
iri|»Uon, ft» a barhtririm, which in always fojuid in tho 
ihitrchiM of the rmllcluH and in tim tisMuos (»f tho vino 
hhdi are affected by tliis dimmso, k^nncxl by him /aW- 
fhmU limy am n\m found in tho imily of iho limotd, 
hich than immum simply tho agent of etmtaghm* 

Neitlu'i* W»kkor in nor Jiuml in IHHO, wm tho 
»«t point rmt tho pri^smico <»f rnioHdais in tho discso^od 
»HUis of plants. Ah early im tl»o year IBCfh Uitchamp 
^tiwd the pnwonco of miewyma, that liactorlat in the 
Vet ml parfcs of plania (Cttmjiiim 4^ 

\vnmf voh Ixviil p. 4<Jd), 


X 
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D. 

APPENDIX TO CHAI’TER TV. (p. IW). 

PTOMATnR or THK MlOttOIJK OF FOVV^ CHOI^KUA, 

Duclnux d(oR tho fnct in his Ikm^V^ 

/*/ “ if a fowl is iTicnnihifiMl with a fow clnips 

fmin ft oulturo r»f fowl rlioh^ra, thn bird luul dit^K; 

but if the li*{intl has htnui fiUitriMl ludohj nsiM^ it, through 
plftHfrr or porous ohina, iho tIisouKO juvuliu-od js t»<»i fowl 
cholom. Tlio bird roIlH hmusidf npaiid fidl.* infit tt piOfsia;j 
Hlt'op, from whirh ho is rouHod by tho sli'fhbrHl 00140. 

**Af(or a fow htinr^, hia riioovrry is oomploto. Thus 
(horo am two kindH of syuiptomH in fowl ohoh*m, of whirh 
ilio nu^st af^pamnt m dun trMi >»po*mH of m*ni»iin (pbunaino) 
wunndnd by thomiorolH', Irntmimblu of indqaouinnl nation, 
and ttot in goanml muling' fatally/' 


R 


APPENDIX TO aHAVTKH V. fp. 171). 

imisji OP mtuftsu KVf.aTTin^a to a«« 

HHWHUA 

This system, tofig ad^m^atril Jo Paris by Dimitid* 
t-hiya, implies that tho watrr shouW pohr lute ilm 
m m mmt»iut1y toOUffh tha A 

ifl hu pew diom te im^b teti^bftenl lN 
ibis purpose. 

'''';'T%a,boiiiU'Im{d .water and ' jt^fi^wntef IjkawfW 
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into <‘va<*uat ion pippH tho nevvor h]*(io4{il Mvplions, and 
holf* (o UuhIi ihuiin Tliin HVHtorn lut« boi‘n applied to tlio 
Holrl t)i* Vilk*, to ihv m-w (Juanls' bamuilcH, to a cortam 
ntimbnr* priiiiary and to many privaiu housoH. 

The luunioipaJ adjninij>fni.tion pro[»ii#-x‘S to apply thin 
Hy.stoni to jTiHtKi of tho Kolmola, luhspitulH, und burroolcs, of 
wldrh tho j^.inilary rondiiioit H at proMon t far from aatJH- 
I’lic'y li.ipo c^vi'idtially to oxtrnd iho anmo nystorn 
to nil privnlo liimsort, no an to do away widt tho tamBpoob — 
H rtdonri already iu many foreign ciiicH, and 

tiotably hi Germany* 


F. 


Ammmx to oiiAPTiiri v. (p. 172). 

laa Bwwtian ano tiir ruiN or oKNBSJvitwKnf^. 

Tlit^ WffllAr iBHuitig fmm tlio maiti nowur of the oliy b 
partly twruinl into tho Hinim* partly into tlm plain of 
llvrmovillioN^ and w«od» hy a ayaiom of imgaUpn, for fo^ 
iHkiw^ iUo Boll Tlforo wan mm foar lent tlio 
raoabl mijitit Ito antnmtial with faHUiitlng malMr^ Imt fcho 
ot a npodifl niioroho ivm Whkh 

otispioid foaitor liM hmrgaolo and 

rnlapiM to Im oWliod by pliint«» SdWoaiiiig 
md who lo*vo ntudlml ild» inU^roliOt Ito W tbo 

nitrifying mloiriibo, TUo mino ayateoi ol wiwordrrign* 
bin wMl iidiortly npplkd anoibor plMi fi* thn noigb* 
botirbi^ of f ami AoUironi aoiiiP 
[kmdnt ' 
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APPKXinX TO OTIAPTKK V. (p. 172). 

rhKri‘1, MM'KolJKH, 

Wv i»av(‘ tlinf l<iu'Uiria cxini in '<‘5- 

five f-funtl of a uuui in tjfood h^nlfh, by 

Dur'ln.nx. IMidn-f, and HrutfijunloJ f<*r»d lf» ,^how that fltrs*' 
niirndh'M nrr nol only innoxiiuiw, hnl ibati ihny play m\ 
ur*tivt> ptirt in ^natrio di^oHlion, nrnl o-«^|i(‘f‘inlK iti fJm 
t ran.Hmntatioti itf jilhftnilriH into |a»ptoni‘rf. Sinoo tln-ynns 
in fad, liviiif( fnnnniifH. tin* imnsinubilion ii-i ri'lnnlnd. if 
tlii'Hn irtinroUnM uvv, Il< is thnroforn p*v>babli,' 
fimi tluiy nnuinfad-nn* popxin, 

fbnitnnr*M nxpf^rinn ntH alfJf) fri‘nd to t.hovv timfi mirrobf^w 
aid fbn jjrntininafion of plnidw. If fin* miofnlnw miiiaiiinil 
in votpdabln tiiould aro witlnlmwn from ii, vviHiouMalini^ 
awny any of hor n^orn^iitunnf, ^yormination m MnrtloU, ami 
ofTorfnil with difhrnlty* 


it 


Avinmnx m oifAPTHii v. fp. ati,) 

m rrHH, 

Wftilt ami Mnif»ko(} fi^li offtm pnalnro ifi ilion^ who %mi 
thorn vblont poiaottiiiff, wltioh may ovon owr| in 
Attfftpi of Kharkov^ hail waaitty #itiifliorl fdioan oiittifiNi, 
awd thctn ii) a ptariiaSiuo hy a 

or prrhapw ovolffai from Urn ftafi itwdf 
thr tnorbid hiltnrmm of ih!a 
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